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Our  knowledge  of  the  anatomy  of  the  vasomotor  reflex  arcs  is  still 
very  imperfect.  We  believe  that  there  exists  in  the  brain  stem  a 
center  for  the  regulation  of  blood  pressure;  but  it  is  debated  whether 
or  not  there  is  a  separate  vasodilator  center,  (1)  and  whether  there 
is  in  addition  a  separate  vasotonic  center  (2).  The  location  of  these 
centers  and  their  relation  to  each  other  is  unknown.  In  the  cat  fara- 
dic  stimulation  of  the  fovea  inferior  in  the  floor  of  the  fourth  ventricle 
produces  a  sharp  rise  in  blood  pressure;  and  stimulation  of  a  point  3 
mm.  behind  this  in  the  area  postrema  causes  an  equally  marked  drop 
in  pressure  (3).  But  no  evidence  has  been  presented  to  show  that 
these  points  mark  the  location  of  a  vasoconstrictor  and  a  vasodilator 
center  respectively.  Possibly  they  are  only  the  termini  of  afferent 
pressor  and  afferent  depressor  fibers  of  the  vagus,  i.e.,  only  parts  of 
the  afferent  limbs  of  the  corresponding  reflex  arcs. 

The  afferent  impulses  producing  the  pressor  reflex  from  the  sciatic 
nerve  are  transmitted  through  the  spinal  cord  in  the  apex  of  the  pos- 
terior gray  column  (4).  When  this  was  cut  on  both  sides  of  the  cord 
at  the  level  of  the  first  lumbar  segment  no  pressor  reflex  could  be*ob- 
tained  from  stimulation  of  the  sciatic  nerve.  The  apex  of  the  columna 
posterior  is  composed  of  the  substantia  gelatinosa  Rolandi  and  the 
tractus  dorsolateralis  of  Lissauer.  It  contains  no  long  tracts  but 
only  short  association  fibers  linking  one  segment  of  the  cord  with 
another.  Any  impulse  ascending  or  descending  along  this  path  for 
more  than  a  segment  or  two  must  travel  over  a  series  of  many  neurones. 

When  we  found  that  the  afferent  limb  of  the  pressor  arc  included 
this  series  of  short  fibers  we  were  led  to  surmise  that  this  reflex  might 
be  largely  spinal.    According  to  this  conception  the  impulses,  enter- 
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ing  the  cor(J».'fy'  way  of  the  dorsal  roots  associated  with  the  sciatic 
nerve  (figV-Jl,  6)  would  ascend  by  way  of  these  short  spinal  fibers  in 
the  jipG»lbY  the  posterior  horn  (e)  to  the  thoracic  and  upper  lumbar 
segments  of  the  spinal  cord  and  then  forward  (g)  to  the  efferent  vaso- 
constrictor neurones  of  the  white  rami 
(a).  That  such  a  spinal  reflex  is  possi- 
ble has  been  demonstrated  by  Pike  (5) 
and  Sherrington  (6),  who  showed  that 
after  section  of  the  cervical  cord  and 
during  cerebral  anaemia  the  vascular 
tone  and  pressor  reflexes,  which  at  first 
were  lost,  returned  again  after  a  short 
time.  Obviously  they  must  then  have 
been  purely  spinal.  The  fact  that  these 
reflexes  are  temporarily  abolished  on 
section  of  the  cervical  cord  does  not 
prove  that  the  corresponding  arcs  pass 
through  the  medulla,  because  all  spinal 
reflexes  are  temporarily  abolished  under 
the  same  conditions.  Either  we  must 
accept  the  hypothesis  of  Pike  that  in  the 
mammal  there  are  no  spinal  reflexes  or 
we  must  admit  that  spinal  shock  (a  dis- 
turbance of  nervous  equilibrium  which 
von  Monakow  has  called  "diaschisis," 
Herrick  (7)  )  may  temporarily  abolish 
the  function  of  purely  spinal  arcs.  If 
we  make  the  latter  admission  it  would 
apply  as  well  to  the  vasomotor  as  to  the 
other  reflexes  and  we  would  be  without 
evidence  justifying  us  in  locating  the 
vasomotor  reflex  centers  in  the  medulla. 
When  analyzed  in  this  way  the  concep- 
tion of  a  chief  vasoconstrictor  center  in 
the  mnsdulla  is  seen  to  rest  on  rather 
insecure  grounds. 

Any  experiment  designed  to  test  this 
conception  must  be  so  carried  out  that  spinal  shock  or  "diaschisis" 
is  not  produced.  In  other  words  the  skeletal  reflexes  must  not  be 
affected  by  the  conditions  of  the  experiment.  It  is  with  evidence  of 
this  kind  that  the  present  paper  deals.    The  apex  of  the  posterior  gray 
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Fig.  1.  Diagram  to  illustrate 
the  paths  which  might  be  fol- 
lowed by  vasomotor  impulses: 
a,  afferent  fiber  of  a  white 
ramus;  b  and  c,  afferent  fibers 
of  dorsal  roots;  d,  level  of  a 
lesion  in  the  posterior  gray 
columns;  «,  line  indicating  the 
path  of  afferent  pressor  impulses 
in  the  posterior  gray  column. 
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column,  including  the  dorsalateral  tract  of  Lissauer  and  the  substantia 
gelatinosa  Rolandi,  was  cut  on  both  sides  of  the  spinal  cord  at  the  level 
of  the  first  thoracic  segment.  This  interrupts  the  pathway  for  afferent 
pressor  impulses  at  the  level  of  the  arrow,  d,  figure  1.  This  is  above 
the  level  of  the  thoracico-lmnbar  autonomic  outflow  through  the  white 
rami  (a)  but  below  the  origin  of  the  brachial  nerves  (c).  If  the  pressor 
arc  were  purely  spinal  the  sciatic  reflex  would  not  be  affected  by  this 
lesion.  The  impulses  from  the  sciatic  entering  along  the  unmyelinated 
fibers  of  the  dorsal  roots  (6)  would  ascend  in  the  apex  of  the  posterior 
horn  (e)  to  the  thoracic  and  upper  Imnbar  segments  of  the  spinal  cord 
and  then  pass  forward  through  the  gray  matter  (g)  and  out  through  the 
white  rami  (a).  The  lesion  at  d  would  however  interrupt  a  hypothetical 
pressor  path  from  the  brachial  nerves 
(c)  down  the  apex  of  the  posterior  gray 
colrnnn  to  the  thoracico-lumbar  auto- 
nomic system  (through  g  to  a).  In 
other  words  if  the  pressor  reflex  were* 
purel}'  spinal  the  lesion  in  question 
should  not  affect  the  reaction  from 
the  sciatic  nerve  but  should  abolish 
the  reflex  from  the  brachial  nerves. 
But  if  the  reflex  were  bulbar  and  the 
afferent  limb  of  the  arc  followed  the 
apex  of  the  posterior  column  through 
the  spinal  cord  to  the  medulla,  the 
lesion   would  interrupt  the  arc  from 

the  sciatic  nerve  but  not  that  from  the  brachial.  This  experiment 
gives  us  an  opportunity  to  determine  whether  the  pressor  reflex  is 
under  normal  conditions  purely  spinal  or  to  what  extent  a  bulbar 
chief  vasoconstrictor  center  is  involved. 


Fig.  2.  Diagram  showing  the 
extent  of  the  lesion  in  the  second 
thoracic  segment  of  the  spinal 
cord  of  cat  BIO. 


TECHNIQUE 

Adult  cats  were  used  for  these  experiments.  The  spinal  cord  was 
exposed  at  the  level  of  the  second  thoracic  segment  under  rigid  aseptic 
precautions.  Since  it  had  been  previously  shown  that  the  posterior 
funiculi  were  not  concerned  in  any  of  the  vasomotor  reactions  an 
extensive  lesion  was  made  involving  both  posterior  gray  colimms  and 
lx)th  posterior  funiculi  (fig.  2).  This  operation  is  simpler  and  more 
certain  than  that  of  cutting  the  apices  of  the  posterior  columns 
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alone  and  answers  the  purpose  of  the  present  experiment  just  as  weU. 
The  animals  recovered  promptly  and  showed  no  signs  of  paralysis. 
They  were  tested  at  intervals  for  sensibility  to  pain.  The  technique 
throughout  was  the  same  as  in  the  earher  experiments  from  the  ac- 
count of  which  we  quote  (4) : 

After  complete  recovery  of  the  animal  from  the  lesion  and  after  the  conduction 
of  pain  in  the  cord  had  been  tested  the  vasomotor  reflexes  were  studied.  Under 
ether  anaesthesia  a  tracheotomy  was  performed  and  the  ether  bottle  attached. 
Connections  were  made  as  rapidly  as  possible  for  carotid  blood  pressure  and 
respiratory  tracings.  Both  sciatic  nerves  were  exposed,  ligated  and  cut  distally 
to  the  ligature.  The  central  end  was  laid  bare  for  some  distance  above  the  lig- 
ature and  could  be  handled  by  the  attached  thread.  On  the  left  side  three  bra- 
chial nerves,  viz.:  the  median,  ulnar,  and  internal  cutaneous,  were  exposed, 
ligated  together,  and  cut  distally  to  the  ligature  and  thereafter  treated  as  a 
single  nerve.  Care  was  taken  not  to  stretch  the  nerves  at  any  time.  When  not 
being  stimulated,  they  were  kept  covered  with  other  tissues  to  prevent  drying. 

To  eliminate  passive  dilation  of  blood  vessels  in  the  areas  supplied  by  the 
divided  nerves  the  limbs  were  constricted  with  heavy  cord  placed  proximal  to 
the  elbow  and  knee  joints.  Fluctuations  in  blood  pressure  from  pressure  on 
the  abdomen  by  flexion  of  the  limbs  during  stimulation  of  a  nerve  were  prevented 
by  securely  t3dng  the  legs  to  the  animal  board. 

The  stage  of  ether  anaesthesia  is  of  the  greatest  importance.  The  animal 
was  kept  relaxed,  with  regular  respiration,  with  pupils  half  contracted  and 
with  a  brisk  corneal  reflex.    Any  tendency  toward  cyanosis  was  prevented. 

Faradic  stimulation  of  the  central  ends  of  the  cut  nerves  was  used  to  elicit 
the  reflexes.  Standard  platinum  electrodes  were  applied  at  least  half  an  inch 
from  the  cut  ends  of  the  nerves,  held  suspended  by  the  threads  with  which  they 
had  been  ligated.  The  electrodes  were  moved  slowly  along  the  nerves  during 
stimulation.  The  source  of  the  current  was  a  Stoelting  inductorium  No.  7090 
through  the  primary  of  which  passed  a  constant  half  ampere  current. 

Curare  was  used  in  some  of  the  experiments. 

After  the  reflex  vasomotor  and  respiratory  responses  had  been  recorded  the 
animal  was  killed.  A  stretch  of  cord  about  7  mm.  long  containing  the  lesion 
was  removed  and  prepared  by  the  pyridine-silver  method  and  cut  into  serial 
sections.  The  serial  sections  were  then  studied  to  determine  the  extent  of  the 
lesion. 

After  the  operations  the  animals  were  allowed  to  live  for  periods 
varying  from  four  to  thirty-six  days  before  the  vasomotor  reflexes 
were  tested. 

RESULTS 

We  will  discuss  our  observations  on  pain  and  the  depressor  reflexes 
in  these  cats  in  a  subsequent  paper  and  confine  our  attention  here  to 
a  comparison  of  the  pressor  reflexes  obtained  from  the  brachial  and 
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the  sciatic  nerves.  That  it  is  reasonable  to  compare  the  results  of  stim- 
ulation of  the  brachial  and  sciatic  nerves  is  shown  by  the  fact  that  in 
normal  cats  stimulation  of  these  nerves  gives  equivalent  results.  This 
statement  is  based  not  only  on  our  own  experience  but  also  on  that  of 
Porter  and  Richardson  (8),  who  foimd  by  a  long  series  of  experiments 
with  stimuli  of  given  intensity,  aipphed  to  the  sciatic  a^d  brachial 
nerves  in  cats  and  other  animals,  that  the  result  did  not  depend  in 
any  way  on  which  afferent  spinal  nerve  was  stimulated.  According 
to  Vincent  and  Cameron  (9)  all  sensory  spinal  nerves  "yield  similar 
reflexes  if  sufficient  care  be  taken  to  develop  in  all  cases  an  equivalent 
stimulation  of  a  roughly  equ^  number  of  fibers."    In  our  work  we 

TABLE 

Vaaamotor  reactions  obtained  from  cats  in  which  the  posterior  funiculi  and  pos- 
terior  gray  columns  had  been  divided  cU  the  level  of  the  second  thoracic  segment 
from  4  to  8S  days  previously,  Faradic  stimulation^  secondary  coil  at  6,  Rise 
or  fall  indiccUed  in  millimeters  of  mercury 


CAT  NO. 

UBnON 

BIOBT 
BCXATIC 

LSIT 

■CIATIO 

BRACHIAL 

Extent 

Duration 

NSSVS8 

B7 

Complete 

Complete 

Complete 

Complete 

Incomplete 

Complete 

Complete 

Complete 

4 
6 
16 
18 
15 
30 
36 
35 

8 

28 

0 

0 

18 
-  6 
-26 

16 

5 

30 

0 

0 

10 

-  8 

-14 

0 

32 

B9 

46 

BIO 

28 

Bll 

18 

B12 

26 

B14 

14 

B15 

28 

B16 

40 

have  used  the  three  brachial  nerves  held  together  by  a  common  Uga- 
ture.  These  have  a  bulk  roughly  equal  to  that  of  the  sciatic.  We 
feel  that  much  safer  conclusions  can  be  drawn  by  comparing  the  results 
of  stimulation  of  the  two  in  the  same  experiment  than  by  a  comparison 
of  the  results  from  the  same  nerve  in  normal  and  injured  animals. 

We  have  for  comparison  the  results  obtained  imder  similar  conditions 
from  stimulation  of  the  normal  cat's  sciatic.  Table  1  of  a  previous 
paper  (4)  shows  that  strong  stimulation  of  the  sciatic  in  14  normal 
cats  gave  a  rise  in  blood  pressiu'e  in  all  but  2.  The  position  of  the 
secondary  coil  varied  from  4  to  6.  The  rise  obtained  varied  from  8 
to  48  mm.  Hg. 
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In  the  present  series  of  experiments  a  good  pressor  reflex  was  ob- 
tained in  each  case  from  strong  faradic  stimulation  of  the  brachial 
nerves  with  the  secondary  coil  at  5.  The  rise  in  blood  pressure  varied 
from  14  to  46  mm.  as  indicated  in  the  table.  Stimulation  of  the  sciatic 
with  the  same  strength  of  current  gave  no  response  or  a  slight  fall  in 
four  of  th^  eight  experiments.     In  three  other  cases  a  slight  pressor 


a 


6 


Fi^.  3.  Carotid  blood  pressure  tracing  from  rat  BIO.  Faradic  stimulation, 
secondary  coil  at  5  of  (a)  three  brachial  nerves  togothor  and  (/.)  the  left  sciatic 
nerve. 

response  was  obtained  from  one  or  both  sciatics.  In  one  cat  a  good  rise 
was  obtained  from  both  sciatics,  but  even  in  this  case  the  reaction 
obtained  from  the  brachial  nerves  was  considerably  greater. 

Figure  3  shows  the  character  of  the  reactions  obtained  from  cat  B  10, 
with  cord  lesion  at  the  level  of  the  second  thoracic  segment  the  extent 
of  which  is  indicated  in  figure  2.     The  brachial  nerves  (a)  gave  a  rise 
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in  blood  pressure  of  28  mm.  The  left  sciatic  (6)  gave  no  vasomotor 
reaction,  but  there  were  strong  muscular  contractions  and  these  are 
indicated  in  the  figure  by  the  sharp  irregularities  of  the  tracing.  The 
sciatic  reaction  was  taken  immediately  after  the  brachial  and  the  depth 
of  anaesthesia  and  other  conditions  were  the  same.  Such  muscle 
spasms  are  frequently  produced  by  stimulation  of  the  sciatic  in  cats 
with  lesions  involving  the  posterior  gray  columns,  when  no  spasms 
are  produced  by  similar  stimijlation  of  the  brachial  nerves.  We  will 
discuss  this  observation  in  another  paper. 

Remembering  that  in  normal  cats  the  brachial  and  sciatic  nerves 
give  the  same  reactions,  it  is  clear  that  in  this  series  of  experiments 
the  lesion  has  more  or  less  completely  interrupted  the  pressor  reflex 
arc  from  the  sciatic  without  affecting  that  from  the  brachial  nerves. 
This  shows  that  the  afferent  pressor  impulses  from  the  sciatic  travel 
up  the  cord  to  a  vaeoconstrictor  center  in  the  brain.  That  is  to  say 
the  pressor  reflex  arc  is  not  complete  within  the  spinal  cord.  The  path 
indicated  by  g  in  figure  \,  carrying  impulses  from  the  apex  of  the 
posterior  gray  columns  to  the  efferent  vasomotor  neurones,  must 
have  played  a  minor  rdle,  if  any,  in  the  reactions  here  recorded. 

It  is  idso  obvious  that  the  pathway  from  the  vasoconstrictor  center 
to  the  efferent  vasomotor  neurones  must  be  located  either  in  the  ventral 
or  lateral  funiculi  since  it  was  injured  in  none  of  these  experiments. 
This  path  is  a  part  of  the  intact  pressor  reflex  arc  from  the  brachial 
nerves  through  the  bulbar  vasomotor  center  to  the  efferent  vasomotor 
neurones  of  the  white  rami. 

It  is  not  possible  at  present  to  give  a  satisfactory  interpretation  of 
those  cases  in  which  more  or  less  of  a  pressor  reflex  was  obtained  from 
the  sciatic  nerve.  It  may  be  that  in  these  cases  the  pressor  impulses 
passed  forward  along  the  path  indicated  by  g  in  figure  1.  We  know 
that  it  is  possible  for  the  impulses  to  take  this  course  after  transection 
of  the  cervical  cord.  But  before  it  could  be  said  that  this  path  func- 
tioned in  these  cases  it  would  be  necessary  to  be  sure  that  the  lesion 
had  interrupted  the  only  possible  pathway  for  pressor  impulses  from 
the  sciatic  to  the  bulbar  vasomotor  center. 


Digitized  by 


Google 


8.  W.  RANSON 


CONCLUSIONS 


h  Pressor  reflexes  from  the  spinal  nerves  nonnally  involve  a  bulbar 
vasoconstrictor  center. 

2.  The  afferent  limb  of  the  pressor  arc  from  the  sciatic  nerve  follows 
the  apex  of  the  posterior  horn  up  to  the  level  of  the  second  thoracic 
segment  and  probably  throughout  the  cord. 

:^  3.  The  efferent  limb  of  the  pressor  arc  Ues  in  the  lateral  or  ventral 
funiculi. 
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Li  the  first  paper  (1)  of  this  series  it  was  demonstrated  that  the 
afferent  impulses  producing  the  pressor  reflex  travel  along  the  cord 
in  the  apex  of  the  posterior  gray  column.  By  a  process  of  exclusion 
it  was  also  shown  that  those  responsible  for  the  depressor  reflex  must 
be  conducted  by  either  the  ventral  or  lateral  funiculi.  We  were  unabl^ 
to  secure  a  positive  demonstration  of  this  by  the  technique  used  in 
the  former  experiments  because  all  those  cats  in  which  the  ventral 
part  of  the  lateral  funicuU  were  cut  developed  paral3rsis  and  anaes- 
thesia of  the  hind  limbs  and  incontinence  of  urine.  These  symptoms 
did  not  appear  in  our  other  experiments  and  we  are  at  a  loss  to  ac- 
count for  them  in  these.  However  it  seems  not  unlikely  that  hemor- 
rhage from  the  ventrally  placed  extradural  venous  plexus  may  have 
resulted  in  a  hematoma  large  enough  to  have  produced  pressure  on 
the  cord.  In  order  to  avoid  this  difficulty  we  abandoned  the  habit 
of  letting  the  animals  recover  from  the  lesion  before  making  the  vaso- 
motor tests,  and  carried  out  the  operation  and  tests  in  one-half  day. 

TECHNIQUE 

Under  ether  anaesthesia  and  without  aseptic  precautions  the  spinal 
cord  was  exposed  in  the  region  of  the  first  lumbar  segment.  In  work- 
ing on  the  lateral  funiculus  it  is  necessary  to  prevent  the  knife  from 
going  through  the  dura  into  the  extra  dural  venous  plexus  in  the  ventro- 
lateral part  of  the  canal.  After  the  dura  had  been  opened  by  a  median 
longitudinal  incision  one  tooth  of  the  ligamentum  denticulatum  was 
cut  and  a  strip  of  celluloid  inserted  between  the  cord  and  the  dura 
in  the  interval  between  the  fila  of  the  first  and  second  lumbar  nerve 
roots.    The  knife  was  then  passed  through  the  lateral  funiculus  with 
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itis  sharp  edge  directed  outwards  and  the  cut  was  completed  by  press- 
ing the  edge  against  the  celluloid  plate.  This  procedure  was  then 
repeated  on  the  opposite  side.  Two  of  the  nine  cats  were  allowed 
to  come  out  from  imder  the  anaesthetic  and  their  hind  limbs  were 
tested  for  sensibility  to  pain  after  which  they  were  again  anaesthetized 
and  a  record  made  of  the  vasomotor  and  respiratory  responses  to  stim- 
ulation of  the  brachial  and  sciatic  nerves.  In  the  other  eight  cats  the 
operation  was  done  and  the  records  obtained  without  interrupting  the 
anaesthetic. 

The  experiment  was  followed  by  an  autopsy  and  a  microscopic 
study  of  serial  sections  of  the  portion  of  the  cord  containing  the  lesions. 

In  this  way  the  location  and  extent  of 
the  lesion  was  accurately  determined. 

In  testing  the  pain  sense,  pricking 
and  pinching  the  skin  and  electrical 
stimulation  through  cutaneous  elec- 
trodes were  used  as  stimuli.  A  sharp 
cry  and  struggUng  were  taken  as  evi- 
dences that  pain  was  felt. 

The  technique  of  testing  the  vaso- 
motor reflexes  was  the  same  as  that 
given  in  the  preceding  paper  on  page 
4  of  this  issue. 

The  autopsies  showed  that  the  lesion 
was  in  every  case  at  the  level  of  the 
first  lumbar  segment.  The  extent  of 
the  lesion  as  seen  in  microscopic  sections  varied  considerably  in  the 
different  cords  but  the  lesions  in  cat  91,  represented  in  figure  1,  may 
be  taken  as  typical.  In  some  the  injiuy  was  more  extensive  and  in 
others  less  extensive  than  in  this  case. 


Fig.  1.  Diagram  of  the  first 
lumbar  segment  of  the  spinal 
cord  of  cat  91,  showing  the  ex- 
tent of  the  lesions  in  the  lateral 
funiculi. 


RESULTS 

When  weak  faradic  stimulation  was  applied  to  the  brachial  nerves 
a  drop  in  blood  pressure  was  obtained  in  every  case.  As  may  be  seen 
by  reference  to  the  table  this  drop  varied  in  extent,  the  least  being  5 
^d  the  greatest  32.  These  reactions  represent  typical  depressor 
reflexes  and  the  variation  is  no  greater  than  in  the  reactions  obtained 
from  normal  cats.  They  show  that  the  vasomotor  mechanism  for 
depressor  reflexes  has  not  been  impaired  by  the  shock  and  hemorrhage 
incident  to  the  preparation  of  the  animal  for  experiment. 
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In  sharp  contrast  to  the  reactions  from  the  brachial  nerves,  are 
those  from  the  sciatics.  The  same  weak  stimulation  which  consist- 
ently gave  a  drop  when  appUed  to  the  brachial  nerves  usually  produced 
no  effect  when  appUed  to  the  sciatics,  and  when  there  was  a  change  in 
blood  pressure  it  was  as  often  a  rise  as  a  fall.  The  details  are  given 
in  the  table.  The  character  of  the  reaction  is  shown  in  figure  2.  It 
is  evident  that  the  lesions  indicated  in  figure  1  interrupted  the  spinal 
afferent  path  for  the  depressor  reflex  from  the  sciatic  nerves,  figure  2,  b. 

But  the  lesions  in  the  lateral  funiculi  did  not  interfere  with  the 
pressor  reflex.  On  the  contrary  with  faradic  stimulation  of  mediuih 
intensity  (secondary  coil  at  9  or  7)  considerably  better  pressor  reflexes 
were  obtained  from  the  sciatics  than  from  the  brachial  nerves.    Fig- 

Table  showing  reflex  changes  in  blood  pressure  after  partial  section  of  both  lateral 
funiculi.  Weak  faradic  stimulation,  secondary  coil  at  16.  Rise  and  fall  indi^ 
cated  by  4-  and  —  respectively  and  expressed  in  millimeters  of  mercury 


CAT  NO. 

RIOHT  SCIATIC 

LEFT  SCIATIC 

BRACHIAL 

86 

+4 

+4 

-32 

90 

-3 

0 

-10 

91 

0 

0 

-20 

92 

0 

-2 

-  8 

93 

0 

0 

-  8 

94 

-8 

0 

-16 

99 

0 

0 

-14 

100 

0 

0 

-10 

101 

+15 

+  10 

-  5 

lire  3  shows  that  faradic  stimulation  with  secondary  coil  at  9  produced 
no  response  from  the  brachial  nerves,  but  shortly  afterward  the  same 
stimulation  apphed  to  the  left  sciatic  nerve  gave  a  considerable  rise 
in  blood  pressure.  With  stronger  stimuli  (secondary  coil  at  5)  there 
was  no  constant  difference  between  the  reactions  obtained  from  the 
brachial  and  sciatic  nerves. 

These  experiments  seem  to  give  additional  evidence  in  favor  of  a 
balanced  action  between  the  pressor  and  depressor  reflexes.  In  a 
former  paper  (1)  the  following  theory  was  formulated: 

In  the  vasomotor  reflexes  there  are  two  separate  paths  from  the  sciatic  nerve 
to  the  efferent  vasomotor  neurones  and  for  brevity  we  will  speak  of  a  pressor 
path  and  a  depressor  path  according  to  the  vascular  responses  produced  by  the 
impulses  which  they  carry.    The  impulses  traveling  along  the  two  paths  are 
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mutually  antagonistic  and  in  normal  animals  vasomotor  reactions  represent 
a  balance  between  them.  The  depressor  path  has  a  low  threshold,  and  by  it 
weak  stimuli  are  able  to  reach  the  efferent  vasomotor  neurones.  The  pressor 
path  has  a  high  threshold  since  it  is  composed  of  the  short  fibers  and  many  synap- 
ses of  the  apex  of  the  posterior  horn.  With  weak  stimuli  the  impulses  pass  up 
the  depressor  path  only,  resulting  in  a  drop  in  blood  pressure.  With  stimuli 
of  medium  intensity  they  pass  up  both  path^  but  the  strong  pressor  overcome 
the  weaker  depressor  impulses,  resulting  in  increased  blood  pressure. 


Fig.  2.  Carotid  blood  pressure  tracing  from  cat  91.  Weak  faradic  stimula- 
tion (secondary  coil  at  16)  of  the  brachial  nerves,  a,  and  the  left  sciatic  nerve,  b. 
The  dnun  was  stopped  at  the  point  marked  on  the  base  line. 

This  theory  is  supported  by  the  results  of  the  present  series  of  ex- 
periments. When  the  depressor  path  in  the  lateral  funiculus  has 
been  divided,  the  pressor  impulses  arising  from  stimuli  of  medium 
intensity  are  able  to  manifest  themselves  in  a  rise  in  blood  pressure, 
because  they  are  no  longer  counterbalanced  by  the  depressor  impulses. 
In  fact  it  would  be  diflScult  to  account  in  any  other  way  for  the  fact 
that,  after  section  of  the  lateral  funiculi  in  the  region  of  the  first  lum- 
bar segment,  stimuli  of  medium  intensity  give  better  pressor  reactions 
from  the  sciatic  than  from  the  brachial  nerves. 
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There  are  two  ways  in  which  this  balanced  action  might  take  place: 
1.  It  may  be  a  matter  of  inhibition,  the  depressoi  impulses  inhibiting 
the  vasoconstrictor  center  and  the  pressor  impulses  inhibiting  the 
vasodilator  center.  2.  It  may  represent  only  the  algebraic  smn  on 
blood  pressm'e  of  the  vasoconstriction  and  vasodilation  resulting  from 
the  antagonistic  afferent  impulses. 

Martin  and  Mendenhall  (2)  who  have  recently  formulated  a  some- 
what similar  conception  of  the  relation  of  the  depressor  to  the  pressor 


a 


b 


Fig.  3.  Carotid  blood  pressure  tracing  from  cat  91.  Faradic  stimulation  of 
medium  strength  (secondary  coil  at  9)  of  the  brachial  nerves,  a,  and  the  left 
sciatic  nerve,  6. 

reflexes  believe  that  the  balance  is  in  the  form  of  the  algebraic  summa- 
tion of  the  two  actions  rather  than  in  the  form  of  a  mutual  inhibition 
of  the  two  centers. 

The  fact  that  after  the  section  of  the  lateral  funiculi  at  the  level 
of  the  first  lumbar  segment  the  pressor  reflexes  from  the  sciatic  are 
as  good  or  better  than  those  from  the  brachial,  is  important  evidence 
in  favor  of  the  specific  character  of  the  results  obtained  by  the  division 
of  the  posterior  gray  columns  in  our  other  experiments.     Against 
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all  these  other  experiments  the  objection  might  well  have  been  raised 
that  there  was  perhaps  nothing  specific  in  the  results.  They  might 
be  explained  on  the  assiunption  that  strong  impulses  must  reach  the 
vasomotor  center  to  produce  a  rise  in  blood  pressure,  and  any  exten- 
sive cord  lesion  involving  afferent  paths  might  so  reduce  the  bulk  of  the 
impulses  reaching  this  center  as  to  weaken  or  obhterate  the  rise.  We 
had  shown,  it  is  true,  that  the  long  fibers  of  the  posterior  funiculi  had 
nothing  to  do  with  the  vasomotor  reactions.  The  present  set  of  ex- 
periments completes  the  proof  that  the  afferent  impulses  for  the  pressor 
and  depressor  reflexes  follow  separate  paths  in  the  spinal  cord.  The 
pressor  path  in  the  posterior  gray  coliunns  can  be  interrupted  with- 
out interfering  with  the  depressor  reflex;  and  the  depressor  path  in 
the  ventral  funiculus  can  be  interrupted  without  interfering  with  the 
pressor  reflex. 

A  glance  at  figure  1  at  once  suggests  the  idea  that  the  depressor 
path  occupies  much  the  same  position  in  the  cord  as  the  spinothalamic 
tract.  It  occurred  to  us  that  the  two  might  be  identical,  and  in  this 
case  the  afferent  impulses  would  pass  to  the  thalamus  and  then  down 
to  the  vasomotor  center  or  centers,  and  the  reflex  should  be  obUterated 
by  decerebration.  The  depressor  reflexes  in  decerebrate  animals 
do  not  seem  to  have  been  thoroughly  investigated  by  any  one.  In 
the  earliest  studies  of  these  reflexes  decerebration  seems  to  have  been 
one  of  the  standard  methods  of  procedure  and,  also,  in  at  least  one 
recent  study,  by  Martin  and  Mendenhall  (2),  it  was  employed.  This 
clearly  indicates  that  the  depressor  reflexes  are  not  obliterated  by  decere- 
bration. This  conclusion  has  been  verified  for  us  by  Mr.  W.  N.  Row- 
ley of  the  Physiology  Department.  He  performed  decerebration  on 
a  number  of  dogs  and  found  that  the  depressor  reflexes  were  present 
and  perhaps  somewhat  exaggerated.  We  wish  to  express  our  appre- 
ciation of  his  help  in  making  this  point  perfectly  clear. 

On  the  basis  of  Mr.  Rowley's  work  we  may  say  with  certainty  that 
the  depressor  path  is  not  the  same  as  the  spinothalamic  tract  although 
it  occupies  the  same  position  in  the  spinal  cord. 

In  the  two  cats  which  were  allowed  to  come  out  from  under  the  an- 
aesthetic between  the  operation  and  the  vasomotor  tests  no  hypal- 
gesia  of  the  hind  limbs  could  be  demonstrated. 
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CONCLUSIONS 

1.  The  aflferent  spinal  path  for  depressor  reflexes  Ues  m  the  lateral 
funiculus  in  the  same  position  as  the  spinothalamic  tract,  but  it  is 
composed  of  fibers  that  do  not  ascend  above  the  rhombencephalon. 

2.  Section  of  this  part  of  both  lateral  funiculi  at  the  level  of  the  first 
lumbar  segment  obhterates  the  depressor  reflex  from  the  sciatic  nerves. 
The  pressor  reflex  from  stimuli  of  medium  intensity  applied  to  the 
sciatic  nerves  appears  to  be  augmented. 
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There  are  many  problems  coimected  with  the  vasomotor  reflexes 
which  are  still  obscure.  One  of  the  most  fundamental  of  these  is  the 
question:  Why  does  the  stimulation-  of  a  sensory  nerve  cause  a  rise  in 
blood  pressure  under  certain  conditions  and  a  drop  under  other  condi- 
tions? It  has  long  been  known  that  stimulation  of  the  depressor  nerve 
gives  only  a  drop  in  blood  pressure,  and  that  under  the  usual  condi- 
tions stimulation  of  afferent  spinal  nerves  gives  only  a  rise.  But,  as 
was  shown  by  Hunt  (1)  under  carefully  controlled  conditions  almost 
any  afferent  nerve  can  be  made  to  give  a  depressor  reflex.  When  a 
nerve  is  chilled  the  same  stimulus,  which  before  gave  a  rise,  will  cause 
a  drop  in  pressure.  It  was  known  by  Hunt  and  has  been  recently  em- 
phasized by  Porter  and  others  (2)  that  very  weak  stimuli  will  quite  uni- 
formally  give  depressor  reflexes  from  any  afferent  nerve,  except  perhaps 
the  splanchnic,  and  that  strong  stimulation  of  any  afferent  nerve,  except 
the  depressor  nerve,  will  give  a  pressor  reflex.  It  has  been  quite  gener- 
ally assumed  that  these  facts  could  best  be  explained  by  the  assumption 
that  there  are  two  kinds  of  afferent  vasomotor  fibers  which  have  been 
called  pressor  and  depressor  fibers  respectively.  We  propose  to  examine 
this  old  hypothesis  in  the  light  of  our  present  knowledge  of  the  afferent 
nervous  system  and  of  the  vasomotor  reflexes. 

Very  recently  Vincent  and  Cameron  (3)  have  opened  up  again  the 
whole  question  of  the  significance  of  the  depressor  reflexes  by  some  very 
suggestive  observations:  namely,  that  when  an  animal  is  under  a  certain 
light  degree  of  ether  anaesthesia,  stimulation  of  afferent  nerves  pro- 
duces very  rapid  deep  respirations  which  in  themselves  produce  a  drop 
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in  blood  pressure.  Opening  the  thorax  or  giving  curare  does  away  with 
this  respiratory  effect  and  converts  the  drop  into  a  rise.  They  state 
that  they  have  not  been  able  to  observe  a  fall  in  blood  pressure  from 
weak  stimulation  nor  from  the  stimulation  of  a  nerve  that  has  been 
cooled  when  the  thorax  has  previously  been  opened.  This  is  calcu- 
lated to  throw  doubt  on  the  existence  of  a  true  depressor  reflex  from 
the  spinal  nerves.    We  shall  refer  to  these  observations  again. 

We  have  shown  that  there  are  in  the  spinal  cord  two  separate  paths 
to  the  vasomotor  centers — one  for  pressor  and  the  other  for  depressor 
impulses.  It  is  the  purpose  of  the  present  paper  to  present  addi- 
tional evidence  along  this  line,  to  simmiarize  that  which  has  been  pre- 
sented in  other  papers  of  this  series  and  to  consider  the  relation  of 
these  observations  to  the  general  theory  of  the  vasomotor  reflexes; 

The  object  of  the  experiments,  which  are  to  be  reported  here,  was  to 
determine  whether  the  effect  of  a  lesion  in  the  pressor  path  was  de- 
pendent on  the  level  of  the  cord  in  which  it  was  located.  This  inves- 
tigation was  suggested  by  the  difference  in  the  reflexes  obtained  from 
cats  in  which  the  pressor  path  had  been  destroyed  at  the  level  of  the 
first  lumbar  segment  (4)  and  those  in  which  it  had  been  destroyed  at  the 
level  of  the  second  thoracic  (5).-  Accordingly  three  additional  series 
of  experiments  were  made  in  which  the  apices  of  the  posterior  horns 
were  divided  at  the  level  of  the  third  lumbar  segment  in  six  cats,  at 
the  level  of  the  first  lumbar  segment  in  seven  cats,  and  at  the  level  of 
the  ninth  thoracic  segment  in  four  cats.  In  order  to  determine  whether 
the  conduction  was  homolateral  or  contralateral  the  apex  of  the  pos- 
terior horn  was  divided  only  on  the  right  side  in  the  first  lumbar  segment 
of  six  other  cats. 

TECHNIQUE 

The  procedure  was  the  same  as  that  followed  in  the  preceding  in- 
vestigations. The  operations  were  aseptically  performed  according  to 
the  technique  detailed  in  the  first  paper  of  this  series  (4).  The  cats 
recovered  rapidly  from  the  effects  of  the  operation.  They  were 
allowed  to  Uve  for  var3dng  periods  and  were  with  few  exceptions  in 
first  class  condition  at  the  time  of  the  experiment.  One  showed  some 
sUght  paralysis  of  the  hind  Umbs  and  two  others  were  sick  with  an  in- 
fectious disease  of  the  respiratory  tract.  Repeatedly,  at  varying 
periods  after  the  operation,  the  animals  were  tested  for  alterations  of 
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the  pain  sense  in  the  hind  limbs.  Finally  a  thorough  examination  was 
made  of  the  vasomotor  reflexes.  Hie  technique  of  testing  the  pain 
sense  and  making  the  tracing  of  the  vasomotor  reflexes  was  the  same 
as  that  used  in  the  preceding  investigations.  (4);  (5).  In  each  case  an 
autopsy  was  performed,  the  lesion  was  accurately  located  and  its 
extent  determined  by  a  study  of  serial  sections. 

Throughout  these  experiments  the  reactions  obtained  from  the 
brachial  nerves,  situated  above  the  lesion,  were  used  as  controls  for 
the  reactions  from  the  sciatic.  In  another  place  (5)  we  have  shown 
that  in  a  normal  animal  identical  reactions  are  obtained  from  the 
brachial  and  sciatic  nerves,  and  that  more  reliable  results  can  be  ob- 
tained in  iMs  way  than  by  comparing  the  sciatics  of  normal  and  injured 
animals. 

BILATERAL  LESIONS  IN  THE  APICES  OF  THE  POSTERIOR  GRAY  COLUMNS 

The  apices  of  both  posterior  gray  columns  were  divided  in  twenty- 
five  cats,  in  eig^t  at  the  level  of  the  second  thoracic,  in  four  at  the  level 
ot  the  ninth  tiioracic,  in  seven  at  the  level  of  the  first  lumbar,  and  in 
six  at  the  level  of  the  third  lumbar  segment.  In  five  of  these  the  vaso- 
motor reactions  were  atypical  since  a  rise  in  pressure  was  obtained 
from  very  weak  stimulation.  These  atypical  results  are  recorded  by 
themselves  in  table  2.  The  reactions  from  the  other  twenty  cats  are 
given  in  table  1. 

The  first  division  of  table  1  represents  the  vasomotor  reactions  ob- 
tained from  cats  in  which  the  apicies  of  both  posterior  gray  columns 
had  been  divided  along  with  the  posterior  funiculi  at  the  level  of 
the  second  thoracic  segment.  Note  that  with  strong  faradic  stim- 
ulation (secondary  coil  at  5)  good  pressor  reflexes  were  obtained 
from  the  brachial  nerves  in  each  cat,  while  from  the  sciatic  nerves 
a  moderate  rise  was  obtained  in  three,  no  reaction  in  two,  and  a  drop 
in  two  cats.  It  is  obvious  that  the  pressor  reflex  from  the  sciatic  was 
decreased  in  every  case,  although  in  three  cats  it  was  not  entirely 
obliterated.  In  presenting  these  results  in  another  place  (5),  the 
question  was  raised  as  to  whether  the  pressor  reflexes  obtained  from 
the  sciatics  in  these  cats  were  purely  spinal,  i.e.,  whether  there  was  in 
addition  to  the  path  by  way  of  the  medulla  oblongata,  alsfo  an  alter- 
native purely  spinal  arc  for  these  reflexes  which  was  complete  below 
the  second  thoracic  segment.    We  have  introduced  these  results  again 
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TABLE  1 


Reflex  changes  in  blood  pressure  after  section  of  the  apices  of  the  posterior  gray 
columns  at  different  levels.  Strong  faradic  stimulcUionf  secondary  coil  at  6,  Rise 
or  fall  in  millimeters  of  mercury 


LS8I01V 

CAT  KO. 

RIGHT 

LBPT 

BRACHIAL 

SCIATIC 

SCIATIC 

HBBTB 

Level 

Extent 

Duration 

B7 

II  T. 

Complete 

4  days 

+  8 

+  5 

+32 

B9 

II  T. 

Complete 

6  days 

+28 

+30 

+46 

BIO 

II  T. 

Complete 

16  days 

0 

0 

+28 

Bll 

II  T. 

Complete 

18  days 

0 

0 

+18 

B14 

II  T.' 

Complete 

30  days 

-  6 

-  8 

+14 

B15 

II  T. 

Complete 

36  days 

-26 

-14 

+28 

B16 

II  T. 

Complete 

35  days 

+16 

0 

+40 

80 

IX  T. 

Incomplete 

30  days 

-  5 

-  5 

0 

81 

IX  T. 

Incomplete 

29  days 

+  5 

+12 

+20 

82 

IX  T. 

Incomplete 

26  days 

-20 

-16 

+30 

83 

IX  T. 

Complete 

26  days 

-14 

-  6 

+16 

Bl 

IL. 

Complete 

3  hours 

-12 

+10 

+40 

B2 

IL. 

Complete 

Iday 

-30 

-34 

-28 

B4 

IL. 

Complete 

24  days 

0 

0 

+36 

76 

IL. 

Complete 

13  days 

-26 

-14 

+44 

77 

IL. 

Incomplete 

12  days 

-20 

+20 

+40 

68 

IIIL. 

Complete 

29  days 

-  3 

-  3 

+12 

69 

IIIL. 

Complete 

30  days 

-10 

-  8 

+20 

71 

IIIL. 

Complete 

30  days 

-25 

-30 

+30 

72 

IIIL. 

Complete 

25  days 

-30 

-28 

+28 

TABLE  2 


A  typical  vasomotor  reflexes  obtained  from  cats  in  which  very  weak  stimulation  gave 
a  rise  in  blood  pressure.  The  apices  of  the  posterior  gray  columns  ?iad  been  divided. 
Strong  faradic  stimulationy  secondary  coil  at  5.    Rise  in  millimeters  of  mercury 


LBSION 

CAT  NO. 

HIOHT 

LBFT 

BRACHIAL 

Level 

Extent 

Duration 

B12 

II  T. 

Incomplete 

15  days 

18 

10 

26 

78 

IL. 

Complete 

14  days 

20 

30 

40 

79 

IL. 

Incomplete 

14  days 

4 

8 

16 

67 

IIIL. 

Complete 

34  days 

22 

20 

56 

70 

IIIL. 

Complete 

30  days 

30 

10 

50 
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in  this  place  in  order  to  compare  them  with  those  obtained  from  cats 
with  similar  lesions  at  other  levels. 

The  second  division  of  table  1  gives  the  results  obtained  from  cats 
in  which  the  apices  of  both  posterior  horns  had  been  divided  at  the 
level  of  the  ninth  thoracic  segment.  With  the  exception  of  one  case, 
in  which  the  lesion  was  incomplete,  strong  faradic  stimulation  (sec- 
ondary coil  at  5)  gave  a  drop  instead  of  a  rise  out  of  the  sciatic  nerves. 
The  third  division  of  table  1  gives  the  results  obtained  from  cats 
in  which  the  apices  of  both  posterior  horns  were  divided  at  the  level 

of  the  first  lumbar  segment.  The  lesions 
in  cat  76  were  typical  and  their  posi- 
tion an(l  extent  is  shown  diagrammat- 
ically  in  figure  1.  With  strong  faradic 
stimulation  (secondary  coil  at  5)  a 
drop  was  usually  obtained  from  the 
sciatic  nerves  and  a  rise  from  the 
brachial  nerves  (see  figure  2  and  the 
table).  In  two  of  these  cats  a  drop 
was  obtained  from  the  right  sciatic 
and  a  rise  from  the  left,  but  in  one  of 
the  two  the  lesion  was  incomplete. 
The  other  cats  gave  either  no  reac- 
tion or  a  drop  from  strong  stimula- 
tion of  the  sciatic. 
The  fourth  division  of  table  1  gives  the  results  obtained  from  cats  in 
which  the  apices  of  the  posterior  horns  had  been  divided  at  the  level  of 
the  third  lumbar  segment.  In  each  case  strong  stimulation  gave  a 
rise  in  blood  pressure  from  the  brachial  and  a  drop  from  the  sciatic 
nerves. 

The  last  three  divisions  of  the  table  show  a  pressor  reflex  only  once 
from  the  sciatic  when  the  lesion  was  complete  and  in  this  one  cat  the 
left  sciatic  only  gave  a  rise  while  the  right  gave  a  drop.  In  one  other 
cat  with  a  complete  lesion,  B.  4,  no  vasomotor  reflexes  were  obtained 
from  the  sciatics.  In  all  the  others  with  complete  lesions  strong  stim- 
ulation of  the  sciatic  gave  a  drop  instead  of  a  rise.  Comparing  these 
results  with  those  indicated  in  the  first  division  of  this  table  it  will  be 
seen  that  there  a  rise  is  more  frequent  and  a  drop  less  frequent  than  in 
the  last  three  divisions. 

We  beheve  that  these  differences  are  significant  and  that  a  lesion  in- 
volving the  posterior  gray  columns  at  the  level  of  the  second  thoracic 


Fig.  1.  Diagram  of  the  first 
lumbar  segment  of  cat  76  show- 
ing the  extent  of  the  lesions  in 
the  posterior  gray  columns. 
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segment  produces  less  disturbance  of  the  pressor  reflex  from  the  sciatic 
than  lesions  in  this  column  lower  down,  because  in  the  case  of  the  high- 
er lesion  there  is  open  an  alternative  path  forward  through  the  gray 
matter  to  the  efferent  vasomotor  neurones.  While  imptdses  traveling 
this  path  are  imable  to  develop  the  full  pressor  reflex  as  indicated  by 
the  reaction  from  the  brachial  nerves  in  the  same  animal,  they  are 


CL- 


k 


Fig.  2.  Carotid  blood  pressurift  tracing  from  cat  76.    Strong  faradic  stimula- 
tion, secondary  coil  at  5.    a,  brachial  nerves;  6,  right  sciatic  nerve. 

usually  able  either  to  produce  a  slight  rise  or  to  balance  the  depressor 
imptdses,  producing  a  negative  result.  This  is  what  one  should  expect 
since  it  is  known  that  such  a  purely  spinal  path  exists  after  transection 
of  the  cervical  cord  (6). 

The  last  three  divisions  of  the  table  serve  to  emphasize  in  a  striking 
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way  the  importance  of  the  apices  of  the  posterior  gray  columns  for  the 
conduction  of  the  afferent  pressor  impulses  in  the  spinal  cord. 

In  five  other  cats,  represented  in  table  2,  the  vasomotor  reactions 
were  atypical  in  that  with  very  weak  stimuU  (secondary  coil  at  15)  a 
rise  in  blood  pressure  was  obtained.  In  all  our  other  experiments 
stimuU  of  this  strength  have  either  given  a  fall  or  no  change  in  pressure. 
In  these  five  cats  the  lesion  in  the  posterior  gray  column  did  not  ob- 
literate the  pressor  refiex  from  the  sciatic  nerves.  It  is  obvious  be- 
cause of  the  weak  stimuU  with  which  they  could  be  produced  that 
some  factor  entered  into  these  reactions,  which  is  not  present  in  the 
typical  pressor  reflex.  Just  what  this  factor  is  we  are  unable  to  say. 
Cannon  and  Hoskins  (7)  have  shown  that  stimulation  of  the  sciatic 
nerve  causes  the  discharge  into  the  blood  of  appreciable  quantities  of 
adrenin  and  this  is  probably  not  without  effect  on  the  blood  pressing. 
The  rise  in  pressiu'e  in  our  atypical  cats  occurred  rather  too  promptly 
to  be  accounted  for  in  this  way.  We  bring  up  the  matter  of  adrenin 
discharge  not  so  much  as  an  explanation  as  to  show  how  diverse  are 
the  factors  which  enter  into  these  reactions. 

UNILATERAL  LESION   IN  THE  APEX  OP  THE  RIGHT   POSTERIOR 
GRAY   COLUMN 

It  was  shown  in  a  former  paper  that  after  section  of  the  right  half  of 
the  spinal  cord  the  pressor  reflex  from  both  sciatics  was  reduced,  that 
from  the  right  more  so  than  that  from  the  left.  Fromf  these  facts  it 
was  concluded  "that  the  afferent  impulses  producing  a  rise  in  blood 
pressure  are  conducted  bilaterally  in  the  cord,  and  equally  well  on 
both  sides  or  somewhat  better  homolaterally."  In  order  to  determine 
whether  the  pressor  impulses  travelled  chiefly  through  the  homolateral 
posterior  gray  column  or  equally  in  both,  the  apex  of  the  right  column 
was  divided  in  aix  cats  at  the  level  of  the  first  lumbar  segment.  The 
results  are  expressed  in  table  3.  The  animals  were  allowed  to  Kve  from 
twelve  to  forty  days  before  the  vasomotor  tests  were  made.  The 
pressor  reflexes  obtained  from  the  sciatics  were  less  extensive  than  those 
from  the  brachial  nerves  and  those  from  the  right  sciatic  somewhat 
less  extensive  than  those  from  the  left.  These  results  agree  with  those 
obtained  from  cats  with  laterally  hemisected  cords  and  show  that  the 
conduction  of  the  afferent  pressor  impiilses  is  bilateral  but  somewhat 
better  on  the  homolateral  side. 
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TABLE  3 

RejUx  changes  in  blood  pressure  after  section  of  the  apex  of  the  right  posterior  gray 
column  at  the  level  of  the  first  lumbar  segment.  Strong  faradic  stimulationf  second- 
ary coil  at  6,    Rise  or  fall  in  pressure  expressed  in  millimeters  of  mercury 


CAT  NO. 

BIGHT  SCIATIC 

Lxrr  SCIATIC 

39 

-20 

+12 

+20 

40 

+16 

+18 

+30 

46 

+  8 

+14 

+16 

47 

+10 

+20 

+12 

48 

0 

+10 

+28 

49 

+14 

+22 

+28 

THE  PRESSOR  ARC  AND  REFLEX 

In  this  series  of  papers  we  have  shown  that  the  afferent  impulses 
which  cause  a  rise  in  ^blood  pressure  are  initiated  by  strong  stimuli. 
This  is  in  keeping  with  the  results  of  many  other  investigators.  Martin 
and  Lacey  (11)  have  shown  that  the  threshold  for  the  pressor  reflex  is 
about  280  units  as  compared  to  8.7  imits  for  the  depressor  reflex,  i.e., 
about  thirty  times  higher  for  the  former.  In  a  few  cases  we  have  ob- 
tained a  rise  in  pressure  from  very  weak  stimulation  but  in  these  it 
was  evident  that  some  unusual  factor  was  at  work.  Not  only  was  the 
stimulus  too  weak  to  give  a  true  pressor  reflex,  but  the  rise  was  not  ob- 
literated from  the  sciatics  by  a  lesion  which  did  obliterate  it  in  the  other 
cats.  So  many  factors  enter  into  the  determination  of  blood  pressure 
that  great  care  must  be  used  in  such  a  study  as  this  to  eliminate  every- 
thing but  the  true  vasomotor  reflexes.  We  believe  that  the  more  suc- 
cessfully this  is  done  the  more  evident  it  will  become  that  the  pressor 
reflex  is  eUcited  only  by  strong  stimuli. 

We  have  also  shown  that  the  afferent  impulses,  initiating  the  pressor 
reflex,  are  carried  in  the  spinal  nerves  by  the  unmyelinated  fibers  (8). 
These  are  the  fibers  that  mediate  protopathic  sensation.  They  enter 
the  spinal  cord  along  the  lateral  division  of  the  dorsal  root  and  run  in- 
to the  fasciculus  dorso-lateraUs  of  Lissauer  in  the  apex  of  the  posterior 
horn.  In  this  they  run  for  only  a  short  distance  before  they  end,  prob- 
ably in  the  substantia  gelatinosa  Rolandi.  The  apex  of  the  posterior 
horn  consists  of  Lissauer's  fasciculus  dorso-lateralis  and  the  substantia- 
gelatinosa  and  receives  the  afferent  pressor  impulses  as  they  enter  the 
spinal  cord. 

The  pressor  pathway  up  the  cord  is  composed  of  these  same  apical 
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structures.  The  tract  of  Lissauer  consists  not  only  of  unmyelinated 
fibers  from  the  dorsal  roots  but  also  of  many  fine  endogenous  fibers. 
These  link  one  level  of  the  substantia  gelatinosa  with  another.  In 
this  way  a  chain  of  short  neurones  is  established  in  the  apex  with  the 
fibers  in  Lissauer's  tract  and  the  synapses  in  the  substantia  gelatinosa. 
There  is  reason  for  believing  that  this  chain  forms  a  path  for  the  pro- 
topathic  impulses  involved  in  purely  spinal  reflexes;  and  it  has  been 
shown  that  this  is  the  pathway  up  the  cord  for  the  afferent  pressor 
impulses. 

From  table  1  of  this  paper  we  may  conclude  that  these  impulses 
ascend  in  the  spinal  cord  to  the  thoracic  segments,  where  a  small  per- 
centage of  them  find  their  way  forward  through  the  gray  matter  (g, 
figure  1,  page  2,  of  this  issue)  to  the  efferent  vasomotor  neurones  of 
the  white  rami;  but  the  greater  volume  of  these  impulses  continues  to 
ascend  along  this  apical  path  to  a  vasoconstrictor  center  in  the  brain  (5) . 

It  has  been  said  that  this  path  consists  of  a  series  of  short  neurones 
linked  together,  The  many  synapses  involved  in  this  path  offer  a  high 
resistance  and  are,  we  believe,  the  explanation  of  the  high  threshold 
for  pressor  stimuli.  No  other  explanation  has  ever  been  offered  for 
the  fact  that  the  threshold  for  these  stimuli  is  thirty  times  greater 
than  that  for  the  stimuli  adequate  to  produce  the  depressor  reflex  or 
the  flexion  reflex.  In  these  nmnerous  synapses  we  probably  have 
the  explanation  of  the  latent  period  of  the  pressor  reflex.  That  the 
latent  period  for  the  pressor  reflex  is  greater  than  that  for  the  de- 
pressor reflex,  at  least  for  stimuli  of  moderate  intensity,  has  been  very 
clearly  demonstrated  by  Martin  and  Mendenhall  (13).  This  is  easily 
understood  when  it  is  known  that  the  depressor  path  consists  of  long 
fibers  and  the  pressor  path  of  short  fibers  and  many  83mapses. 

The  efferent  path  from  the  vasoconstrictor  center  to  the  efferent 
neurones  of  the  white  rami  lies  in  the  ventral  or  lateral  funiculi  but  its 
exact  position  has  not  been  determined.  A  diagram  of  this  pressor 
reflex  arc  has  been  given  in  one  of  the  preceding  papers,  figure  1  on  page 
2  of  this  issue. 

We  are  not  able  to  locate  the  vasomotor  center.  We  know  that  there 
is  located  in  the  neighborhood  of  the  facial  coUiculus  a  center  which  is 
responsible  for  the  maintenance  of  blood  pressure,  the  vasoconstrictor 
center  of  Dittmar  (10).  But  when  the  floor  of  the  fourth  ventricle  is 
explored  with  a  needle  electrode  the  only  point  which  readily  gives  a  rise 
in  blood  pressure  is  the  fovea  inferior.  It  may  be  that  Dittmar's  vaso- 
constrictor center  is  a  vasotonic  center  and  that  a  reflex  vasoconstrictor 
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center  is  located  in  the  region  of  the  fovea  inferior.    But  no  convinc- 
ing evidence  has  been  presented  to  show  that  this  is  the  case. 

THE  DEPRESSOR  ARC  AND  REFLEX 

The  depressor  reflex  can  be  produced  with  great  regularity  by  weak 
stimulation  of  afferent  spinal  nerves.  Vincent  and  Cameron  (3)  seem 
to  regard  this  as  a  somewhat  unusual  reaction.    They  say: 

We  have  not  always  found  it  possible  to  satisfy  ourselves  as  to  the  different 
effects  of  weak  and  strong  currents  respectively  by  means  of  sliding  the  secondary 
coil  up  •to  or  away  from  the  primary,  but  we  have  on  several  occasions  succeeded 
in  demonstrating  a  marked  qualitative  difference  in  effect,  using  in  the  one  case 
a  single  weak  cell,  in  another  one  or  more  strong  cells. 

In  our  own  work  with  cats  we  have  found  that  if  suflSoient  care  be 
taken  to  have  all  conditions  favorable  weak  stimuli  give  drops  with 
great  regularity  and  the  strength  at  which  the  maximum  drop  is  ob- 
tained is  approximately  the  same  for  all  cats.  This  is  now  so  well  es- 
tablished (2)  that  it  is  not  necessary  to  present  additional  evidence. 

Vincent  and  Cameron  cast  doubt  on  the  vasomotor  character  of  the 
depressor  reaction  obtained  fron  spinal  nerves  by  showing  that  the  ex- 
cessive respiration  which  sometimes  results  from  stimulation  of  a  sen- 
sory nerve  can  produce  a  drop  that  closely  simulates  the  depressor  re- 
flex. They  deserve  great  credit  for  calling  attention  to  this  source  of 
error,  but  it  would  be  a  mistake  to  ascribe  all  drops  obtained  from 
spinal  nerves  to  this  source.  They  say  that  they  have  never  been  able 
to  notice  the  drop  from  weak  stimulation  of  the  spinal  nerves  when  the 
thorax  has  been  opened  and  the  effect  of  excessive  respiration  has 
thus  been  eliminated.  They  call  attention  to  the  fact  that  curare, 
which  stops  respiratory  movements,  also  eliminates  the  drop  from  weak 
stimulation  of  the  spinal  nerves. 

All  this  might  be  taken  to  indicate  that  a  true  depressor  reflex  can 
not  be  obtained  from  the  spinal  nerves.  But  a  study  of  respiratory 
and  blood  pressure  tracings  of  a  series  of  cats  subjected  to  weak  stimu- 
lation of  the  sciatic  shows  conclusively  that  the  drop  to  be  obtained 
from  weak  stimulation  of  the  spinal  nerves  is  independent  of  the  res- 
piratory movements.  When  the  stage  of  anaesthesia  is  most  favor- 
able for  the  development  of  the  depressor  reflex  the  weak  stimuli  used 
often  do  not  affect  the  respiration  at  all  and  quite  as  often  inhibit  as 
increase  it.  The  drop  in  blood  pressure  is  obtained  as  easily  when  the 
respiration  remains  unaffected  or  is  inhibited  as  when  it  is  slightly  in- 
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creased.  With  stronger  stimulation  the  greatly  increased  respiratory 
movements  may  no  doubt  play  an  important  part  in  the  drops  in  blood 
pressure  which  sometimes  occur.  Such  respiratory  effects  play  a  part 
in  the  drops  in  blood  pressing  recorded  in  table  1  of  this  paper  and  table 
e  of  the  first  paper  of  the  series  (4).  Wherever  such  strong  stimuli  are 
used  that  excessive  respiratory  movements  are  induced  great  care 
must  taken  in  interpreting  the  results. 

Weak  stimulation  of  the  vagus  has  the  same  effect  as  weak  stimu- 
lation of  the  sciatic.  Even  greater  drops  in  blood  pressure  can  be 
obtained  by  moderately  strong  stimulation  of  the  cat's  vagus,  to  which 
very  strong  stimuli  must  be  appUed  before  a  rise  is  produced.  Only 
a  fall  in  pressure  can  be  obtained  by  stimulation  of  the  depressor  nerve. 
This  difference  in  the  afferent  nerves  has  long  been  a  matter  of 
discussion  and  has  been  attributed  to  the  existence  of  two  kinds  of 
afferent  vasomotor  fibers,  with  a  different  distribution  in  the  peripheral 
nerves.  We  wiU  now  examine  the  evidence  in  favor  of  this  time  hon- 
ored conception  of  special  afferent  pressor  and  depressor  fibers. 

a.  Are  there  special  afferent  depressor  fibers?  Reid  Hunt  (1)  is  largely 
responsible  for  the  prevalence  of  the  conception  that  there  are  special 
efferent  depressor  fibers,  since  he  assembled  in  good  form  the  evidence 
available  at  that  time.  This  in  brief  is  as  follows:  Weak  stimulation . 
of  most  afferent  nerves  gives  a  drop  in  blood  pressure.  This  can  be 
obtained  with  stronger  currents  and  with  greater  regularity  if  the 
nerves  are  cooled  to  about  b^C  At  a  certain  stage  in  the  regeneration 
of  a  nerve  stimulation  can  be  made  to  give  a  drop  but  not  a  rise  in 
blood  pressure.  A  drop  is  more  easily  obtained  from  the  vagus  than 
the  spinal  nerves  and  is  always  the  result  of  stimulation  of  the  depressor 
nerve.  It  was  thought  that  these  results  might  be  most  easily  ex- 
plained on  the  assumption  that  there  were  two  kinds  of  afferent  vaso- 
motor fibers.  If  one  made  the  additional  assumption  that  the  afferent 
pressor  fibers  are  rendered  nonconductive  by  cooling  while  the  conduc- 
tivity of  the  depressor  fibers  is  unaffected  or  enhanced,  and  the  further 
assumptions  that  the  depressor  fibers  regenerate  more  rapidly  than  the 
pressor  fibers,  and  that  the  depressor  fibers  are  stimulated  by  weaker 
currents  than  the  others,  one  would  be  in  position  to  explain  most  of  the 
facts  then  known.  A  weak  stimulus  applied  to  an  afferent  nerve 
would  stimulate  only  the  depressor  fibers  and  give  a  drop  in  blood 
pressure,  or  if  the  nerve  was  cooled  and  the  pressor  fibers  rendered 
non-conductive  the  impulses  carried  by  the  depressor  fibers  would 
cause  a  drop.     At  a  certain  stage  in  regeneration  of  a  nerve  only  de- 
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pressor  fibers  would  be  present  and  their  stimulation  would  cause  a 
drop.  One  would  only  need  to  make  the  one  additional  assumption, 
that  these  depressor  fibers  are  alone  present  in  the  depressor  nerve, 
and  predominate  in  the  vagus  and  glossopharjmgeal  while  the  pressor 
fibers  predominate  in  the  spinal  nerves,  to  be  in  position  to  explain 
the  differences  in  the  vasomotor  reactions  normally  obtained  from 
these  nerves. 

But  if  we  examine  the  facts  cfu^fuUy  we  are  not  likely  to  take  so 
much  for  granted.  It  is  diflScult  to  believe  that  two  afferent  fibers 
should  be  so  differently  constituted  that  the  one  would  lose  its  con- 
ductivity by  being  cooled, to  S^'C.  while  the  other  would  have  its  con- 
ductivity unimpaired  or  enhanced  by  the  same  temperature.  So  far 
as  we  know  lowering  the  temperature  decreases  the  conductivity  of 
all  nerve  fibers.  Cooling  a  nerve  would  decrease  the  strength  of  the  im- 
pulses passing  over  it  so  that  the  net  result  would  be  the  same  as  that 
of  weak  stimulation.  The  conductivity  of  a  regenerating  nerve  is  l^s 
than  that  of  a  normal  one  and  only  weak  impulses  could  be  made  to 
reach  the  cord  by  way  of  such  a  nerve.  It  all  reduces  itself  then  to  a 
matter  of  the  strength  and  perhaps  the  volume  of  the  afferent  im- 
pulses which  reach  the  spinal  cord. 

To  oiu"  mind  the  most  serious  difficulty  in  the  way  of  Hunt's  ex- 
planation is  to  be  found  in  the  results  of  Martin  and  Lacey  (11).  Ac- 
cording to  them  the  threshold  for  the  depressor  reflex  is  8.7  units  as 
compared  with  6.2  for  the  flexion  reflex  and  280  units  for  the  pressor 
reflex.  That  is  to  say  the  depressor  threshold  is  about  the  same  as 
that  of  other  reflexes  while  the  pressor  threshold  is  enormously  higher. 
Hiey  say  that  stimuli  200  times  above  the  depressor  threshold  are 
often  used  in  experiments  with  the  pressor  reflex.  It  is  difficult  to 
conceive  of  two  afferent  fibers  so  differently  constituted  that  the  stim- 
ulation threshold  of  one  should  be  30  times  greater  than  that  of  the 
other.  Such  differences  in  stimulation  threshold  may  exist  in  end 
organs  but  not  in  nerve  fibers. 

As  we  have  said  all  the  facts  so  far  as  the  spinal  nerves  are  concerned 
are  more  easily  explained  on  the  basis  of  the  strength  and  perhaps 
volume  of  the  afferent  impulses  reaching  the  cord,  and  from  our  work 
on  the  dorsal  roots  we  beUeve  that  it  is  only  the  protopathic  afferent 
impulses  that  are  here  concerned.  We  still  have  to  account  for  the 
segregation  in  the  cord  of  afferent  pressor  and  afferent  depressor  im- 
pulses and  for  the  special  reactions  obtained  from  certain  of  the 
cranial  nerves. 
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6.  The  afferent  depressor  path  in  the  spinal  card.  It  has  been  shown 
(12)  that  the  afferent  impulses  which  produce  the  depressor  reflex 
travel  up  the  cord  in  the  superficial  portion  of  the  lateral  funiculus 
along  a  tract  composed  of  long  fibers  with  few  relays.  The  resistance 
of  this  pathway  is  low  as  compared  to  that  of  the  pressor  path  with 
its  many  synapses.  Protopathic  impulses  on  reaching  the  cord  are 
received  by  the  substantia  gelatinosa  from  which  two  paths  are  open 
for  them  to  the  vasomotor  centers:  a  path  of  low  resistance  in  the 
lateral  funiculus  leading  to  the  vasodilator  center^  and  a  path  of 
high  resistance  in  the  apex  of  the  posterior  gray  colunm  leading  to 
the  vasoconstrictor  center. 

Weak  impulses  reaching  the  cord  find  their  way  along  the  former  only 
and  vasodilation  (13)  with  a  drop  in  blood  pressure  results.  Whether 
they  also  inhibit  the  tonic  action  of  the  vasoconstrictor  center  is  not 
so  clear  (14).  With  stimuli  of  moderate  intensity  some  impulses  force 
their  way  up  the  pressor  path  and  produce  vasoconstriction.  Ck)n- 
striction  and  dilation  balance  each  other  with  little  change  in  pressure. 
There  is  reason  for  believing  that  the  vasodilation  is  masked  in  this 
way  rather  than  inhibited.  But  the  failure  of  stimuli  of  a  certain 
medimn  intensity  to  produce  any  change  in  blood  pressure  could  be 
accounted  for  just  as  well  by  the  assumption  of  a  mutual  inhibition. 
With  strong  stimuli,  the  resistance  of  the  pressor  path  is  overcome 
and  the  vasoconstrictor  center  brought  into  full  action  resulting  in 
a  rise  in  pressiu'e.  Here  again  it  is  not  neccessary  to  assume  the 
concomitant  inhibition  of  the  vasodilator  center.  The  work  of  Martin 
and  Mendenhall  (13)  would  indicate  that  its  action  is  only  masked  by 
the  vasoconstriction,  and  table  1  of  this  paper  shows  that  strong  stimuli 
are  very  effective  in  producing  a  fall  in  blood  pressure  if  the  pressor 
path  is  interrupted.  Vasoconstrictor  fibers  are  much  more  widely 
distributed  and  their  action  is  by  its  very  nature  more  powerful  than 
that  of  the  vasodilators.  When  the  vasoconstrictor  apparatus  is 
brought  into  full  action  by  strong  stimulation  it  is  able  to  manifest 
itself  in  a  rise  of  blood  pressure  irrespective  of  the  action  of  the  vaso- 
dilator center. 

In  brief  we  wish  to  explain  the  fact  that  weak  stimulation  of  an 
afferent  spinal  nerve  causes  a  drop  while  strong  stimulation  causes  a 
rise  in  blood  pressure  on  the  basis  of  demonstrated  spinal  paths,  the  one 

^  The  work  of  Martin  and  Mendenhall  shows  that  active  vasodilation  occurs, 
and  it  is  immaterial  whether  the  center  is  anatomically  distinct  or  is  incorporated 
with  the  vasoconstrictor  center.    This  Journal,  1915,  xxxviii,  98. 
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with  a  low  and  the  other  with  a  hig^  resistance.  When  one  considers 
the  synaptic  resistance  to  be  overcome  in  the  pressor  path,  it  is  easy 
to  understand  why  the  threshold  for  pressor  reflexes  is  30  times  higher 
than  that  for  depressor  reflexes.  It  is  not  easy  to  believe  that  one 
afferent  nerve  fiber  has  a  stimulation  threshold  30  times  higher  than 
another.  It  has  been  demonstrated  that  there  are  two  such  afferent 
spinal  vasomotor  paths,  it  has  never  been  shown  that  there  are  two 
kinds  of  afferent  vasomotor  fibers. 

c.  Depressor  reflexes  from  certain  cranial  nerves.  The  vagus  and  glos- 
sopharyngeal nerves  give  depressor  reflexes  more  readily  than  spinal 
nerves.  Our  experience  with  cats  shows  that  while  weak  stimulation 
of  the  vagus  gives  a  drop,  moderately  strong  stimulation  gives  a  greater 
drop.  A  branch  of  the  vagus,  the  depressor  nervie,  most  easily  studied 
in  the  rabbit,  gives  depressor  reflexes  exclusively.  It  has  been  sup- 
posed that  the  depressor  nerve  was  composed  exclusively  of  afferent 
depressor  fibers  and  that  the  vagus  and  glossopharjmgeal  nerves  con- 
tained relatively  more  of  these  fibers  than  the  spinal  nerves.  Since 
the  reactions  from  the  fifth  cranial  nerve  are  the  same  as  those  from 
the  spinal  nerves,  one  would  assmne,  according  to  this  theory,  that  it 
had  the  same  proportion  of  pressor  and  depressor  fibers  as  they. 

But  there  is  another  and  better  explanation  for  the  special  vasomotor 
reactions  obtained  from  the  vagus  and  glossopharyngeal  nerves.  These 
nerves  are  visceral  nerves  and  their  sensory  fibers  connect  with  the  viscer- 
al afferent  column  in  the  medulla  oblongata,  that  is  with  the  fasciculus 
soUtarius  and  its  nucleus.  The  fifth  cranial  contains  somatic  afferent 
fibers  as  do  the  spinal  nerves;  and  its  sensory  nuclei,  the  chief  sensory 
nucleus  and  the  nucleus  of  its  spinal  tract,  form  the  upper  end  of  the 
general  somatic  afferent  column  which  extends  through  the  spinal 
cord  and  medulla  into  the  pons.  The  spinal  tract  of  the  fifth  is  the 
direct  upward  continuation  of  the  tract  of  lissauer,  and  its  nucleus 
the  direct  upward  continuation  of  the  substantia  gelatinosa  Rolandi. 
With  this  somatic  afferent  colunm  the  vagus  and  glossophar3aigeal 
nerves  have  only  the  very  sUghtest  connections.  We  have  seen  that 
the  pressor  pathway  is  intimately  associated  with  this  somatic  afferent 
column  and  it  is  the  somatic  afferent  nerves  that  most  readily  give 
pressor  reflexes.  The  visceral  nerves  having  only  very  sUght  connec- 
tions with  the  somatic  afferent  column,  give  pressor  reflexes  With  more 
difficulty. 

As  has  been  pointed  out  by  Martin  and  Mendenhall  (13)  the  high 
blood  pressure  produced  by  general  vasoconstriction  is  designed  to 
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supply  the  somatic  musculature  with  sufficient  blood  during  a  period 
of  muscular  effort.    We  will  quote  this  suggestive  paragraph: 

It  may  not  be  amiss  to  point  out  that  an  important  feature  of  the  ph3rsiological 
significance  of  high  blood  pressure  induced  by  vasoconstriction  is  in  the  diver- 
sion of  much  of  the  blood  of  the  body  into  those  organs  which  appear  to  have  a 
vasodilator  innervation  but  no  constrictor:  namely,  the  skeletal  muscles. 

Impulses  from  visceral  nerves  do  not  lead  directly  to  activity  of  the 
skeletal  muscles.  It  is  the  somatic  afferent  nerves  which  carry  im- 
pulses initiating  skeletal  reflexes.  Painful  stimulation  of  the  surface 
of  the  body  initiates  the  movements  necessary  for  escape  or  combat 
and  at  the  same  time  brings  about  vasoconstriction  and  high  blood  pres- 
sure that  the  skeletal  muscles  may  be  better  supplied  with  blood  dur- 
ing the  emergency.  Reasoning  in  this  way  it  is  easy  to  understand 
why  it  is  only  the  somatic  nerves  that  have  direct  connections  with 
the  vasoconstrictor  center.  We  believe  that  the  known  differences  in 
the  central  connections  of  the  visceral  afferent  and  somatic  afferent 
nerves  is  sufficient  to  account  for  the  difference  in  the  vasomotor  re- 
actions obtained  from  them  without  assmning  that  the  one  contains 
a  larger  number  of  special  afferent  depressor  fibers  than  the  other. 

d.  The  vdsodikUcr  center.  Weak  stimulation  of  afferent  nerves 
produces  an  active  vasodilation  (13).  This  implies  the  existence  of  a 
center  for  vasodilator  reflexes.  It  is  not  known  whether  this  center 
is  anatomically  distinct  or  incorporated  within  a  general  vasomotor 
center,  Bayliss  (14),  Fananow  and  Tschalusson  (14),  and  Martin  and 
Stiles  (15).  We  have  shown  that  there  exists  in  the  floor  of  the  fourth 
ventricle  within  the  area  postrema  just  lateral  to  the  obex  a  "depressor 
point"  direct  faradic  stimulation  of  which  will  cause  a  drop  in  blood 
pressure  (9).  Three  millimeters  higher  up  at  the  fovea  inferior  is 
the  "pressor  point"  direct  stimulation  of  which  causes  a  rise  in  blood 
pressiu-e.  While  the  reactions  to  be  obtained  from  these  two  points 
are  highly  specific  we  are  not  yet  prepared  to  assert  that  they  repre- 
sent the  location  of  the  vasodilator  and  vasoconstrictor  centers,  al- 
though it  is  not  improbable  that  such  is  the  case. 

e.  The  vasomotor  balance.  Many  facts  point  to  the  conclusion  that 
with  weak  stimulation  the  depressor  apparatus  alone  is  brought  into 
play,  while  stronger  stimulation  gives  a  change  in  blood  pressure  which 
represents  the  balance  between  the  action  of  the  pressor  and  depressor 
mechanism.  Martin  and  Mendenhall  (13)  are  also  of  the  opinion  that 
pressor  and  depressor  influences  can  be  aroused  simultaneously  and 
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"the  resultant  effect  on  the  peripheral  vasomotor  mechanism  depends 
on  the  balance  that  is  established  between  the  opposing  influences." 
Their  results  indicate  that  with  the  strong  stimuU  the  action  of  the 
vasodilator  center  is  masked  rather  than  inhibited. 

Our  experiments  have  shown  that  when  the  depressor  path  in  the 
cord  has  been  divided  in  the  upper  lumbar  region,  stimuli  of  moderate 
strength  will  give  a  greater  rise  in  blood  pressure  from  the  sciatic 
than  from  the  brachial  nerves  (12).  These  results  are  most  easily 
understood  by  assmning  that  with  stimuli  of  moderate  strength  the 
change  in  blood  pressure  represents  a  balance  between  the  action  of 
the  pressor  and  depressor  impulses  and  that  when  the  depressor  im- 
pulses have  been  cut  out  the  pressor  impulses  manifest  themselves  in 
a  greater  rise  in  blood  pressure. 

A  glance  at  table  1  of  this  paper  will  show  that  when  the  pressor 
path  has  been  interrupted  in  the  lower  thoracic  or  upper  liunbar  seg- 
ments of  the  cord  strong  stimulation  which  gives  a  good  pressor  reflex 
from  the  brachial  nerves  will  usually  give  a  very  considerable  drop  from 
the  sciatic  nerves.  This  would  indicate  that  strong  stimuli  are  at 
least  as  effective  in  exciting  the  depressor  apparatus  to  activity  as 
weak  stimuli,  but  when  the  pressor  mechanism  is  intact  the  net  result 
is  a  rise. 

In  line  with  this  reasoning  is  the  fact  that  when  one  stimulates  a 
spinal  nerve  with  weak  faradic  ciurents  an  optimum  strength  can  be 
found  which  will  give  the  greatest  drop.  With  increasing  strengths 
the  drop  decreases  in  extent  and  finally  gives  place  to  a  negative  re- 
action, to  a  slight  reaction  which  is  variable  in  direction,  or  to  a  drop 
followed  by  a  rise.  With  still  stronger  stimuli  the  pressor  reflex  appears 
and  increases  with  the  stimulus  until  a  certain  optimum  strength  is 
again  reached.  The  point  at  which  the  reaction  is  negative  or  variable 
represents  the  strength  at  which  the  activity  of  the  pressor  balances 
that  of  the  depressor  apparatus. 

THE  AFFERENT  PATH  TO  THE  RESPIRATORY  CENTER 

We  have  not  been  able  to  locate  any  special  part  of  the  cord  through 
which  impulses  ascend  to  the  respiratory  center.  Bilateral  section  of 
the  apices  of  the  posterior  horns  interferes  somewhat  with  the  con- 
duction of  these  impulses.  In  the  same  way  and  to  about  the  same 
extent  bilateral  lesions  in  the  lateral  funiculi  impede  their  conduction. 
These  results  indicate  that  the  fibers  which  carry  these  impulses  are 
widely  scattered  through  the  spinal  cord  and  do  not  form  a  single 
compact  fascicle. 
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THE   CONDUCTION  OP   PAIN  IN  THE   SPINAL   CORD 

The  conditions  under  which  painful  afferent  impulses  are  propa- 
gated along  the  spinal  cord  are  not  the  same  in  the  camivora  as  in 
man.  It  \b  well  established  that  in  man  pain  impulses  are  carried  by 
the  lateral  spino-thalamic  tract  (16).  This  is  composed  of  long  fibers 
which,  beginning  in  the  various  segments  of  the  cord,  cross  the  median 
plane  and  extend  uninterruptedly  to  the  thalamus  in  the  ventral  part 
of  the  lateral  funiculus.  A  lesion  in  this  part  of  the  cord  in  man  pro- 
duces total  analgesia  of  the  opposite  side  of  the  body  below  the  lesion. 
In  the  cat,  on  the  other  hand,  hemisection  does  not  produce  an  appre- 
ciable degree  of  hypalgesia  in  either  hind  leg. 

The  conduction  of  pain  in  the  cat's  cord  is  bilateral  and  effected 
through  a  series  of  relays  which  give  an  opportunity  for  the  impulses 
to  enter  the  gray  matter  and  cross  the  cord  from  side  to  side.  This  is 
clearly  shown  by  the  work  of  Karplus  and  Kreidl  (17)  who  hemisected 
the  spinal  cord  on  the  left  side  in  the  upper  cervical  and  on  the  right 
side  in  the  lower  thoracic  region.  Cats,  in  which  both  sides  of  the 
cord  had  been  thus  divided  and  in  which  all  long  conduction  paths  to 
the  brain  had  been  cut,  were  still  able  to  feel  pain  in  the  hind  limbs. 
They  conclude  that  pain  is  conducted  in  the  cat's  cord  by  a  series  of 
short  fibers  of  the  funiculus  proprius  system  with  frequent  rela3rs 
through  the  gray  substance. 

A  study  of  the  sensibility  of  the  hind  limbs  in  cats  with  various  cord 
lesions  confirms  these  conclusions.  We  could  observe  no  hypalgesia 
after  posterior  hemisection  (4),  after  lateral  hemisection  (4)  or  bilateral 
section  of  the  lateral  funiculi  (12).  We  have  repeated  the  double 
hemisection  of  Karplus  and  Kreidl  on  three  cats  and  can  confirm  their 
results. 

It  would  seem  that  the  paths  for  pain  conduction  in  the  cat's  cord 
are  more  diffuse  than  those  for  the  conduction  of  the  afferent  vaso- 
motor impulses.  The  latter  are  readily  eliminated  by  appropriate 
lesions  while  nothing  short  of  complete  transection  will  stop  the  con- 
duction of  pain. 

The  most  interesting  observation  in  regard  to  the  perception  of  pain 
was  that  after  section  of  both  posterior  gray  columns  in  the  thoracic 
or  upper  lumbar  regions  the  hind  limbs  were  hyperaesthetic  for  a 
few  days.  The  hyperaesthesia  was  noticeable  shortly  after  the  ani- 
mal came  out  from  under  the  anaesthetic  and  was  usually  at  its  height 
twenty-four  hours  after  the  operation.    It  gradually  decreased  and 
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could  not  be  detected  after  a  week  or  ten  days.  It  is  well  known  that 
an  injury  producing  a  hemisection  of  the  spinal  cord  in  man  results 
in  a  more  or  less  transient  hyperaesthesia  on  the  paralyzed  side  from 
the  lesion  down  (18).  It  is  probable  that  the  hyperaesthesia  observed 
by  us  in  the  cat  is  of  the  same  sort  and  due  to  the  same  cause. 

No  satisfactory  explanation  has  yet  been  given  for  the  phenomenon 
in  man.  In  our  cats  the  hyperaesthesia  was  caused  by  the  lesions  in 
the  posterior  horns.  We  beUeve  that  all  protopathic  impulses  are 
received  in  the  cord  through  the  tract  of  lissauer  and  the  substantia 
gelatinosa  Rolandi  (8),  and  that  part'  of  these  impulses  ascend  in  this 
apical  complex  to  produce  spinal  and  bulbar  reflexes  while  part  of  them 
are  transferred  to  special  fiber  tracts  such  as  the  pain  path  and  the 
depressor  pathway.  It  seems  probable  that  when  the  pathway  in 
the  apex  of  the  posterior  horn  is  blocked  a  larger  proportion  of  these 
impulses  finds  its  way  into  the  path  for  conscious  pain.  On  the  other 
hand  it  may  be  that  the  lesion  increases  the  irritabiUty  of  this  apical 
system,  through  which  the  protopathic  impulses  pass  on  entering  the 
cord.  In  favor  of  this  latter  explanation  is  the  fact  that  the  hyperaes- 
thesia disappears  in  ten  days  or*  two  weeks.  Whatever  the  explana- 
tion, the  fact  remains  that  section  of  the  apices  of  the  posterior  horns 
produces  a  transient  hyperaesthesia  of  the  body  below  the  lesion. 
This  fact  is  in  line  with  our  contention  that  the  primary  spinal  mechan- 
ism for  the  reception  of  protopathic  impulses  is  formed  by  the  tract  of 
Lissauer  and  the  substantia  gelatinosa  which  form  the  apex  of  the 
posterior  horn. 

A  phenomenon,  which  is  probably  only  another  expression  of  this 
h3rperaesthesia,  has  been  mentioned  in  the  fourth  paper  of  this  series 
(5).  Figure  3  of  that  paper  shows  that,  while  stimulation  of  the  bra- 
chial nerves  gave  a  smooth  pressor  curve,  stimulation  of  the  sciatic 
gave  an  irregular  curve  the  sharp  rises  in  which  were  due  to  muscle 
spasm.  In  these  cats  with  lesions  in  the  apices  of  the  posterior  horn 
muscle  spasms  are  much  more  likely  to  result  from  the  stimulation  of 
the  sciatic  than  the  brachial  nerves.  The  muscle  spasms  are  more 
marked  if  the  experiment  is  made  within  the  first  few  days  after  the 
operation  at  a  time  when  the  hyperaesthesia  is  evident,  and  we  be- 
lieve that  the  two  phenomena  have  the  same  basis. 
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CONCLUSIONS 

1.  Afferent  pressor  impulses  travel  up  the  spinal  cord  in  the  apex 
of  the  posterior  horn  on  both  sides  of  the  cord  but  somewhat  better 
homolaterally. 

2.  It  is  probable  that  a  small  portion  of  the  pressor  impulses  passes 
directly  forward  through  the  gray  matter  to  the  efferent  vasomotor 
neurones  of  the  white  rami. 

3.  Most  of  the  pressor  impulses  ascend  through  the  apical  path  in 
the  posterior  horn  to  the  vasoconstrictor  center  of  the  brain. 

4.  There  is  some  evidence  which  points  to  the  location  of  the  reflex 
vasoconstrictor  center  in  the  region  of  the  foeva  inferior  in  the  floor 
of  the  fourth  ventricle. 

5.  The  efferent  path  from  the  vasoconstrictor  center  to  the  vaso- 
motor neurones  of  the  white  rami  is  located  in  the  ventral  or  lateral 
funicuU,  certainly  not  in  the  posterior. 

6.  The  depressor  path  is  located  in  the  ventral  part  of  the  lateral 
funiculus  and  its  conduction  is  bilateral  although  somewhat  better 
on  the  contralateral  side  as  indicated  by  the  results  of  hemisection. 

7.  There  is  some  evidence  that  a  separate  vasodilator  center  may 
exist  in  the  region  of  the  area  postrema  lateral  to  the  obex  in  the  floor 
of  the  fourth  ventricle. 

8.  Weak  stimulation  of  an  afferent  spinal  nerve  causes  a  drop  in 
blood  pressure  which  is  a  true  vasomotor  reflex  and  inclependent  of 
respiratory  movements. 

9.  A  drop  in  blood  pressure  obtained  from  strong  stimulation  may  be 
due  to  excessive  respiratory  movements. 

10.  True  pressor  reflexes  are  produced  only  by  strong  stimulation. 

11.  There  isUttle  evidence  in  favor  of  the  time  honored  concep- 
tion of  two  kinds  of  afferent  vasomotor  fibers  and  considerable  evidence 
against  it. 

12.  We  have  presented  a  theory  of  the  vasomotor  mechanism  which 
accounts  for  the  quahtative  difference  in  the  results  of  weak  and  strong 
stimuU  on  the  basis  of  the  resistance  offered  by  the  depressor  and 
pressor  paths  respectively. 

13.  The  glossopharyngeal  and  vagus  nerves  and  the  depressor 
branch  of  the  latter  are  all  visceral  nerves  and  are  connected  with  the 
visceral  afferent  column  in  the  medulla  while  the  fifth  cranial  and  the 
spinal  nerves  are  all  connected  with  the  somatic  afferent  column. 
This  difference  in  the  central  connections  of  the  two  groups  of  nerves 


Digitized  by 


Google 


AFFERENT  SPINAL  PATHS  AND  VASOMOTOR  REFLEXES       35 

is  sufficient  to  account  for  the  diflFerence  in  the  vasomotor  reactions 
obtained  from  them. 

14.  No  clearly  defined  path  for  afferent  impulses  to  the  respiratory 
center  could  be  found.  The  fibers  which  carry  these  impulses  seem  to 
be  somewhat  widely  scattered  in  the  cord. 

15.  In  the  cat  pain  conduction  in  the  spinal  cord  is  bilateral  and 
effected  through  a  series  of  short  relays. 

16.  For  a  few  days  following  bilateral  injury  to  the  apices  of  the  pos- 
terior gray  colmnns  there  is  hyperaesthesia  of  the  hind  limbs  and  all 
parts  of  the  body  behind  the  lesion. 
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In  1904,  Storey  (1)  reported  that  when  electrodes  are  thrust  into  the 
gastrocnemius  muscle  of  the  cat  and  the  muscle  is  stimulated  by  cur- 
rents derived  from  a  magneto-machine,  the  successive  contractions 
rise  and  fall  in  "tonus  rhjrthms."  These  rhjrthms,  in  Storey's  experi- 
ments, began  inmiediately  after  stimulation  began,  before  fatigue 
occurred,  and  continued  although  the  sciatic  nerve  was  severed.  A 
somewhat  similar  phenomenon  was  described  by  Sjonons  (2),  who 
noted  that  when  certain  frog,  toad  and  mammalian  muscles  are  fatigued 
with  maximal  break  induction  shocks  temporary  wave-like  variations 
in  the  summit  line  can  be  produced  in  the  later  stages  of  fatigue  by 
altering  the  load,  the  rate  of  stimulation,  the  temperature,  or  by  intro- 
ducing short  periods  of  rest  or  of  submaximal  stimulation.  Con- 
ditions inducing  more  rapid  fatigue  hasten  the  stage  when  the  waves 
appear.  Sjrmons'  observations  on  frog's  muscle  were  confirmed  by 
Burridge  (3),  who  found  the  waves  especially  marked  in  fatigue  curves 
obtained  by  perfusing  the  muscle  with  acid  phosphates,  carbon  dioxide 
in  Ringer's  solution,  and  with  lactic  acid.  Since  the  waves  were  not 
produced  by  perfusion  with  neutral  salts  (potassium  chloride,  sodium 
lactate,  etc.)  and  since  all  the  substances  except  ammoniimi  lactate 
which  produced  the  waves  contain  the  hydrogen  ion,  the  inferences 
were  drawn  that  the  hydrogen  ion  is  a  necessary  concomitant  of  the 
waves,  and  that  when  they  appear  free  acid  is  in  process  of  neutrali- 
zation by  ammonia. 

During  recent  experimentation  on  the  effects  of  adrenalin  on  muscu- 
lar fatigue  we  have  subjected  the  tibialis  anticus  muscle,  eithcfr  by 
direct  stimulation  or  by  stimulation  through  its  nerve,  to  rapidly  and 
rhjrthmically  repeated  single  stimuli,  varying  from  about  35  to  about 
300  per  minute.  Both  cats  and  dogs  were  used  in  the  experiments, 
the  former  much  more  than  the  latter.    The  animals  were  anesthetized 
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Fig.  1.  Apiiearance  of  waves  at  beginning  of  contraction;  waves  longer  as  con- 
traction continues,  llecord  of  tibialis  anticus  muscle  stimulated  150  times  per 
minute,  and  extending  a  spring  having  an  initial  tension  of  120  grams.  This 
record  was  taken  from  the  beginning  of  the  experiment  and  shows  the  **treppe*' 
or  initial  improvement  of  the  muscle.  The  waves  persisted  for  about  one  hour 
and  fifty-three  minutes  of  continuous  stimulation.  Here  and  in  other  figures 
time  is  recorded  in  half-minute  intervals. 


Fig.  2.  Reap|)earance  of  waves  when  pull  on  muscle  slightly  increased.  Rec- 
ord of  tibialis  anticus  muscle,  contracting  120  times  a  minute,  and  extending  a 
spring  having  (as  an  after  load)  an  initial  tension  of  100  grams.  At  /  splanchnic 
stimulation  began  and  continued  for  two  minutes.  At  i  the  tension  of  the  spring 
changed  to  pull  continuously  on  the  muscle  (i.e.,  the  muscle  was  *' loaded"). 
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with  urethane  (2  grams  per  kilo  by  stomach),  or  were  studied  without 
an  anesthetic  after  being  decerebrated  under  ether.  No  difference 
was  noted  between  results  obtained  in  these  conditions.  Only  the  ten- 
don was  exposed,  through  a  slit  in  the  skin;  the  contractile  portion  of 
the  muscle  was  left  in  situ,  supplied  normally  with  its  natural  blood.^ 
While  at  rest  the  muscle  was  slightly  stretched,  but  otherwise  not  in 
stress;  as  soon  as  it  began  to  contract  it  pulled  against  a  spring  having 
usually  an  initial  tension  of  100  grams.  A  characteristic  feature  of  the 
muscular  response  under  these  circumstances  was  an  oscillatory  varia- 
tion in  the  height  of  contraction  (4).  At  present  we  are  not  able  to 
offer  any  explanation  of  this  phenomenon,  but  since  we  have  noted  a 
number  of  conditions  which  affect  its  appearance,  disappearance,  and 
alteration,  an  account  of  the  phenomenon  and  some  circumstances 
which  influence  it  is  now  presented. 

APPEARANCE  AND   DISAPPEARANCE   OF  WAVES 

Conditions  for  the  appearance  of  the  oscillations.  In  our  experience 
the  oscillations  have  appeared  most  prominently  in  strong  vigorous 
animals,  and  they  have  failed  to  appear  only  in  a  few  animals  that 
were  sickly  or  asthenic  at  the  time  of  observation.  They  begin  to  be 
manifested  during  the  first  contractions  of  the  muscle  while  the  initial 
improvement  in  the  degree  of  shortening  is  still  in  progress,  and  there- 
fore before  fatigue,  in  the  sense  of  lessened  efficiency,  has  begun  (see 
figs.  1  and  2). 

As  Cannon  and  Nice  have  already  pointed  out,  if  a  fatigued  muscle 
is  shortening  in  a  uniform  manner,  so  that  no  oscillations  are  present, 
injection  of  a  small  dose  of  adrenalin  or  stimulation  of  a  splanchnic 
nerve  may  promptly  result  in  the  development  of  rhythm  (5).  The 
renewal  occurs  although  the  arterial  pressure  in  the  muscle  is  kept  at 
an  even  level. 

Increase  of  tension  may  start  waves  again  after  they  have  ceased. 
In  the  instance  represented  in  figure  2,  the  muscle  at  first  was  con- 
tracting 120  times  a  minute  and  pulling  against  a  spring  having  (as  an 
afterload)  an  initial  tension  of  100  grams.  The  waves  ceased  after 
about  seven  minutes.  In  the  following  six  minutes,  the  height  of  con- 
traction was  increased  as  a  result  of  splanchnic  stimulation,  but  the 

^  For  a  detailed  description  of  the  method  employed,  see  Cannon  and  Nice : 
This  Journal,  1913,  xxxii,  46;  and  Gruber:  ibid.,  221  and  438;  ibid.,  1914,  xxxiii, 
336;  ibid.,  1914,  xxxiv,  89. 
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oscillations  did  not  come  back.  Then  the  check  for  the  spring  was 
removed  and  its  tension  thus  continuously  applied  to  the  muscle,  and 
immediately  the  oscillations  reappeared.  There  is  apparently  a  limit 
to  the  amount  of  tension  which  can  be  applied  to  the  muscle,  favorable 
to  the  development  of  oscillations,  for  we  have  also  noted  that  when 
they  were  present  in  an  afterloaded  muscle,  they  disappeared  as  soon 
as  the  muscle  was  loaded  (see  fig.  3). 

Conditions  for  the  disappearance  of  the  oscillations.  After  the  oscil- 
lations have  begun  they  usually  continue  for  a  considerable  period 
after  the  fairly  even  height  of  contraction  due  to  fatigue  has  been  reached 

(see  fig.   1).     The  period     

during  which  they  C3n- 
tinue  thus  before  l>eing 
gradually  obliterated  va- 
ries in  different  animals. 
In  the  animal  from  which 
figure  1  was  taken  the 
waves  were  present  dur- 
ing continuous  stimulation 
for  one  hour  and  fifty- 
three  minutes.  In  other 
animals  the  waves  have 
been  present  as  long  as 
five  hours.  The  impres- 
sion which  numerous  ob- 
servations have  made  up- 
on us  is  that  the  persist- 
ence depends  directly  on 
the  vigor  of  the  animal. 
In  several  animals  weak- 
ened by  fasting  we  have 

seen  the  waves  begin  as  usual  with  the  first  stimulations  and  quickly 
vanish  before  the  fatigue  level  had  been  reached.  In  one  cat,  without 
food  six  days,  nine  oscillations  were  recorded,  whereupon  the  muscle 
Ijegan  to  contract  to  a  smooth  and  even  line;  and  in  another  animal, 
without  food  four  days,  only  two  oscillations  occurred,  lasting  one 
minute  (see  fig.  4). 

A  strong  dose  of  adrenalin  (1  cc,  1 :  10,000,  intravenously),  sufficient 
to  cause  a  marked  constriction  of  the  arterioles,  results  in  lessened 
height  of  contraction  and  slowing  of  the  waves,  and,  if  this  decreased 


Fig.  3.  Disappearance  of  waves  with  increase 
of  pull  on  muscle.  Upper  record,  blood  pressure 
with  mercury  manometer.  Lower  record,  the 
tibialis  anticus  muscle  contracting  120  times  a 
minute  and  extending  a  spring  with  an  initial 
tension  of  120  grams.  At  /,  5  and  5  the  muscle 
was  after-loaded,  at  2  and  4  the  waves  disap- 
peared as  the  muscle  was  directly  loaded. 
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Fig.  4.  Infiucnro  of  general 
fondition  on  muscle  waves. 
Upper  record,  blood  pressure. 
Lower  record,  contraction  of 
the  tibialis  anticus  muscle 
(228  times  a  minute,  extend- 
ing a  spring  with  an  initial 
tension  of  120  grams)  in  an 
animal  fasted  four  days. 


Fig.  5.  Influence  of  diminished  blood  sup- 
ply on  muscle  waves.  Upper  record,  blood 
pressure.  Lower  record,  the  tibialis  anticus 
muscle  contracting  300  times  a  minute.  At  / 
adrenalin  (1  cc,  1:  10,000,  injected  intrave- 
nously) abolished  the  waves  but  not  the  con- 
tractions. The  waves  gradually  returned  to 
their  former  rate. 


blood  supply  persists  for  a  lonp;  time,  in  a 
banishment  of  the  oscillations;  but  within  a 
few  minutes  thej^  start  again  (see  fig.  5). 
This  observation  indicates  that  a  sufficient 
supply  of  blood  is  a  necessary  condition  for 
the  existence  of  the  waves,  for  in  this  case, 
although  muscular  contractions  continued 
in  spite  of  defective  blood  supply,  the  os- 
cillatory variations  in  contractions  did  not. 
Nevertheless  we  have  seen  the  waves  in 
cases  of  low  arterial  pressure  after  the  brain 
and  upper  spinal  cord  had  been  pithed,  and 
also  in  excised  perfused  muscles. 

The  suggested  relation  of  the  oscillations 
to  the  arterial  blood  supply  might  indicate 
that  the  ups  and  downs  of  arterial  pres- 
sure, especially  after  injection  of  adrenalin, 
would  account  for  the  variations  in  height 
of  the  muscle  record  (6).  We  have  ob- 
served the  rh>^hmic  variations  in  muscular 
contraction,  however,  without  any  corre- 
sponding changes  in  the  arterial  pressure 
curve  (see  figs.  3,  4  and  6),  and  also  we 
have  records  of  rhythmic  alterations  in  ar- 
terial pressure  without  corre- 
sponding waves  in  muscular 
activity  (see  fig.  5). 

Multiple  oscillations.  The 
records  obtained  from  mus- 
cles, to  which  stimuli  of  uni- 
form strength  were  applied 
at  a  unifonn  rate,  were  not 
always  simple  oscillations  as 
observed  in  figure  1 .  Double 
and  modified  waves  are  fre- 
quently observed  (see  figs.  6 
and  8).  In  figure  6  seven 
small  waves  are  superimposed 
upon  each  large  wave,  which 
lasted  about  one  minute. 
Some    muscles    recorded    a 
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Fig.  6.  Compound  muscle  waves.  Upper  record,  blood  pressure.  Lower 
record,  the  tibialis  anticus  muscle  contractiuR  240  times  a  minute,  and  extending 
a  spring  with  an  initial  tension  of  120  grams. 


m!M 


1  J  s  4 

Fig.  7.  Influence  of  rate  of  stimulation  and  of  tension  on  duration  of  muscle 
waves.  Lower  record,  muscle  contracting,  at  /  and  S,  130  times  a  minute,  and 
extending  a  spring  with  an  initial  tension  of  100  grams.  At  i  and  4  the  stimu- 
lation rate  was  lowered  to  40  per  minute. 

Upper  record,  same  conditions  as  at  /  and  S  in  lower  record,  except  that  initial 
tension  of  spring  is  180  grams. 
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rhythmic  alternation  of  a  high  and  a  low  wave;  and  others  contracted 
rhythmically  in  a  "treppe"  like  manner  in  three  or  four  wave  groups 
each  followed  by  a  deep  notch.  Splanchnic  sthnulation,  with  the  adre- 
nal gland  intact,  sometimes  changed  these  modified  rhythms  into  the 
usual  even  and  regular  rhythm. 

CONDITIONS   AFFECTING   THE   OSCILLATORY   RATE 

Conditions  causing  an  increase  of  rate.  The  waves  are  always  faster 
at  the  beginning  of  the  stimulation,  when  the  muscular  contractions 
are  high  and  the  initial  improvement  is  in  progress.  At  this  point  of 
maximal  efficiency  of  the  muscle,  they  occur  at  the  rate  of  2  to  20  per 
minute;  they  gradually  decrease  in  rate  as  fatigue  approaches  and  the 
height  of  the  muscular  contraction  becomes  low,  until  they  finally 
disappear. 


Fig.  8.  Influence  of  small  doses  of  adrenalin  on  rate  and  height  of  muscle 
waves.  Record  of  the  tibialis  anticus  muscle  contracting  120  times  a  minute 
and  extending  a  spring  with  an  initial  tension  of  120  grams.  At  /  and  again  at 
2  adrenalin  (0.3  cc,  1:  100,000)  was  injected  intravenously. 

Symons  (2)  observed  that  if  the  rate  of  stimulation  is  increased  the 
wave-time  decreases,  i.e.,  the  waves  recur  more  rapidly.  These  obser- 
vations are  corroborated  by  our  experiments.  If  the  muscle  is  not  too 
fatigued  and  the  rate  of  stimulation  is  increased  the  waves  appear  at  a 
much  more  rapid  rate.  This  increase  in  rate  has  an  optimal  point 
beyond  which  the  muscle  rapidly  fatigues  to  a  smooth  even  curve.  The 
effect  of  changing  the  rate  of  stimulation  upon  the  waves  can  be  seen 
by  reference  to  figure  7.  The  initial  tension  was  100  grams.  When  the 
rate  of  stimulation  was  130  per  minute  (at  /  and  5),  one  wave  lasted  for 
about  thirty  seconds;  but  when  the  rate  was  reduced  to  40  per  minute 
(at  2),  a  single  wave  lasted  about  ninety  seconds,  i.e.,  when  the  rate 
of  stimulation  was  decreased  from  130  to  40  per  minute  the  duration  of  a 
single  wave  was  correspondingly  increased,  lasting  three  times  as  long 
as  before. 

The  tension  against  which  the  muscle  contracts  alters  the  rate  of  the 
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waves.  With  a  constant  rate  of  stimulation  a  decrease  of  tension  in- 
creases the  rate  of  the  waves  and  an  increase  of  tension  decreases  the 
rate.  In  figure  7  the  rate  of  stimulation  is  130  per  minute  in  regions 
1  and  3  in  the  lower  curve  and  throughout  the  upper  curve.  The 
tension  at  the  designated  regions  in  the  lower  curve  is  about  100  grams 
and  there  result  about  two  waves  to  the  minute.  In  the  upper  curve 
the  tension  is  180  grams  and  one  wave  lasts  about  two  and  a  half  minutes. 

Our  results  do  not  substantiate  Symons'  inference  (7)  that  adrenalin 
has  no  effect  upon  the  wave-hke  variations.  We  have  observed  that 
an  injection  of  a  small  dose  of  adrenalin  (0.1  to  1.5  cc,  1 :  100,000,  intra- 
venously) or  splanchnic  stimulation  or  increased  blood  pressure  may 
not  only  reestabHsh  the  waves  after  they  have  disappeared  (see  p. 
38),  but  increase  the  rate  of  the  oscillatory  rhythm  if  already  present 
(8).  In  figure  8  two  injections  of  adrenalin  (0.3  cc,  1: 100,000,  intra- 
venously) were  made.  After  the  first  injection  (at  /)  there  resulted 
a  gradual  increase  in  the  wave  rate.  These  waves,  however,  did  not 
reach  their  maximal  rate  until  after  the  second  injection  of  adre- 
naUn  (at  2),  Upon  further  injection  of  adrenalin  no  additional 
increase  was  observed. 

In  some  muscles  when  the  tension  was  changed  from  an  after  load 
to  a  direct  load  the  waves  increased  in  rate  and  vice  versa.  This  how- 
ever is  not  always  the  case  (see  fig.  3). 

Conditions  causing  a  decrease  of  rate.  The  most  prominent  factor  in 
bringing  about  a  slowing  in  the  wave  rate  is  the  oncome  of  fatigue. 
Under  uniform  stimulation  the  waves  gradually  increase  in  length, 
until  the  waves  may  last  four  or  five  minutes  each  and  then  finally 
disappear.  Although  Symons  attributed  these  waves  to  fatigue,  he 
noticed  that  fatigue  also  increases  their  duration.  If  the  rate  of  stimu- 
lation is  made  slower,  or  the  tension  is  increased  with  a  uniform  and  con- 
stant rate  of  stimulation,  the  waves  are  prolonged  (see  fig.  7).  Long 
waves  were  observed  at  the  start  in  an  animal  that  had  been  fasting 
(see  fig.  4),  and  in  normal  animals  after  the  blood  supply  had  temporarily 
been  shut  off,  and  after  a  large  dose  of  adrenaUn  had  been  injected  intra- 
venously (see  fig.  5).  In  many  animals  these  two  latter  conditions 
brought  about  complete  obliteration  of  the  waves. 

OSCILLATIONS   IN    ISOLATED,    DENERVATED    AND    CURARIZBD    MUSCLES 

Not  only  were  the  waves  observed  in  normal  muscles  (in  situ),  but 
also  in  muscles  excised  and  perfused  with  Ringer^s  solution  at  38.5°C. 
and  at  a  pressure  of  95  mm.  of  mercury  (see  fig.  9).    This  substanti- 
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ates  the  earlier  statement  that  the  waves  are  not  dependent  upon 
rhythmic  alterations  in  arterial  pressure  but  are  the  result  of  some 
property  or  properties  of  the  muscle  tissue  itself.  Since  the  waves 
are  seen  in  denervated  muscles  either  after  nerve  degeneration  (9) 
(nerves  cut  nine  to  fifteen  days  before  the  experiment),  or  after  paralysis 
of  the  nerve  endings  bj'  curare  it  is  evident  that  changes  in  irritabiUty 
or  conductivity  of  the  nerve-trunks  or  nerve-endings  supplying  the 
muscle  do  not  govern  their  appearance. 


Fig.  9.  Uocord  of  excised,  perfused  muscle  contracting  120  times  a  minute 
and  extending  a  spring  witli  an  initial  tension  of  120  grams. 

SUMMARY 

Wave-like  variations  in  the  height  of  contraction  are  obtained  from 
mammaUan  muscles  under  rhythmical  and  uniform  stimulation. 
These  waves  are  similar  to  the  waves  observed  by  Symons  and  Burridge 
in  their  experiments  upon  frogs.  In  our  experiments  they  occur  too 
soon  to  be  the  result  of  a  fatigue  process. 

The  waves  are  related  to  the  condition  of  the  animal.  In  healthy 
vigorous  animals  they  may  be  present  for  more  than  four  hours;  in 
sickly  or  fasting  animals  usually  no  waves  or  only  a  few  occur. 

Increasing  the  initial  tension  against  which  the  muscle  is  contract- 
ing may  occasion  the  appearance  or  the  disappearance  of  the  waves. 

Injection  of  a  small  amount  of  adrenin  or  splanchnic  stimulation 
may  bring  about  a  return  of  the  waves  after  they  have  disappeared. 

Fatigue  or  diminished  blood  supply  (e.g.,  a  dose  of  adrenin  strong 
enough  to  constrict  arterioles,  or  low  arterial  pressure)  bring  about  a 
slowing  or  an  entire  disappearance  of  the  waves.  In  healthy  vigorous 
animals  the  waves  usually  return  in  a  short  time  after  the  injection  of 
a  strong  dose  of  adrenin. 
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Splanchnic  stimulation,  injections  of  a  weak  dose  of  adrenin  (0.1  to 
1.5  cc,  1: 100,000,  intravenously),  or  a  decrease  in  tension,  each  may 
increase  the  rate  of  the  oscillations. 

The  muscle  waves  are  observed  in  curarized  or  isolated  or  denervated 
muscles;  in  the  body  they  do  not  coincide  with  waves  of  arterial  pres- 
sure.   They  are,  therefore,  strictly  of  muscular  origin. 
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It  was  noted  in  1903  (1)  that  adrenin  shortens  the  coagulation  time 
of  blood.  The  careful  studies  of  Cannon  and  Gray  (2)  have  established 
this  action,  have  revealed  in  part  its  mechanism,  and  have  explained 
the  reason  for  previous  discordant  results.  They  have  shown  that 
minimal  doses  of  adrenin  constantly  decrease  coagulation  time  and 
that  apparently  the  liver  (and  intestines?)  is  an  essential  to  this  actidn 
of  the  drug.  They  found  that  in  large  doses  adrenin  increases  coagula- 
tion time;  and  Howell  (3)  has  described  a  condition  akin  to  hemophilia 
which  he  was  able  to  produce  in  dogs  by  the  injection  of  massive  doses. 
From  these  observations  it  seemed  highly  probable  that  a  study  of  the 
effect  of  adrenin  on  the  factors  of  coagulation  would  throw  some  light 
on  the  source  of  these  factors  in  the  animal  body. 

The  experimental  procedure  was  as  follows:  The  cats  were  etherized 
and  a  tracheal  cannula  inserted.  Under  deep  ether  anaesthesia  they 
were  pithed  to  the  midthorax  through  the  orbit.  Artificial  respiration 
was  immediately  begim.  The  right  femoral  artery  was  then  bared 
and  a  vaselined  cannyla  inserted  from  which  the  specimens  for  analysis 
were  drawn.  The  left  femoral  vein  was  also  fitted  with  a  cannula 
into  which  the  injections  of  adrenin^  were  made.  After  about  forty 
minutes  had  clasped  (to  allow  the  animal  to  recover  from  the  immedi- 
ate "shock''  of  pithing)  the  coagulation  time  was  determined.  The 
method  employed  was  that  of  drawing  about  1  cc.  of  blood  into  a  small 
test  tube  and  inverting  the  tube  cautiously  every  fifteen  or  thirty 
seconds.  As  soon  as  this  determination  was  made  the  first  specimen 
of  blood  for  analysis  was  drawn.  All  such  specimens  were  drawn 
directly  into  vaselined  centrifuge  tubes  containing  a   0.1    per  cent 

^  The  adrenin  used  was  that  prepared  and  sold  by  Parke',  Davis  &  Co.,  under 
the  name  of  "Adrenalin  Chloride/' 
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solution  of  sodium  oxalate  in  Ringer's  solution.  There  was  enough 
oxalate  in  the  tube  to  make  a  solution  of  0.1  per  cent  of  oxalate  in  the 
blood.  The  tubes  and  cannulae  were  vaselined  by  immersing  them 
in  a  saturated  solution  of  petrolatum  in  ether,  allowing  them  to  drain 
and  the  ether  to  evaporate.  Sometimes  the  specimens  were  centri- 
fuged  as  soon  as  they  were  drawn  and  sometimes  allowed  to  stand 
imtil  the  end  of  the  experiment. 

After  the  plasma  was  separated  by  means  of  centrifugalization  at 
high  speed  for  twenty  minutes,  prothrombin  time  and  antitSirombin 
were  determined  by  the  methods  of  Howell  (3).  This  procedure  is  in 
brief  as  follows:  To  6  drops  of  oxalated  plasma  in  small  test  tubes 
are  added  respectively  2,  3,  4,  6  and  6  drops  of  a  0.5  per  cent  CaCla 
solution.  The  tubes  are  inverted  every  fifteen  seconds  and  the  time 
at  which  a  firm  clot  appears  is  called  the  "prothrombin  time."  The 
first  tube  to  clot  is  the  one  containing  the  optimum  amount  of  calcium 
chloride  and  it  is  this  time  which  is  used  as  the  index  of  the  prothrombin 
present  in  the  specimen. 

The  plasma  remaining  from  the  prothrombin  determination  is  heated 
to  eO^'C,  precipitating  the  proteins,  is  then  centrifuged,  and  the  clear 
supernatant  fluid  drawn  off  and  used  as  an  antithrombin  solution. 
Varying  amounts  of  a  solution  of  thrombin,  prepared  from  beef  fibrin 
(4),  were  placed  in  small  test  tubes  and  one  drop  of  the  antithrombin 
solution  added.  This  mixture  was  allowed  to  stand  for  fifteen  minutes 
and  then  10  drops  of  a  solution  of  "dried  oxalated  plasma"  (4)  added. 
Five  tubes  were  usually  used.  The  time  necessary  to  produce  a  firm 
clot  in  each  tube  was  noted.  Either  the  average  of  all  five  times  or 
the  average  of  the  three  middle  tubes  was  used  as  an  index  of  the 
amount  of  antithrombin  present  in  the  specimen.  This  determination 
was  controlled  by  setting  up  a  similar  series  of  tubes  without  anti- 
thrombin.   Such  tubes  invariably  clotted  in  from  five  to  ten  minutes. 

The  fibrinogen  determinations  were  made  by  the  heat  coagulation 
method  of  Whipple  and  Hurwitz  (5)  an  imsatisfactory  and  unreUable 
method  for  this  work,  because,  chiefly,  the  amounts  of  blood  required 
for  accurate  results  are  too  large  to  obtain  from  cats  without  introduc- 
ing the  factor  of  hemorrhage. 

The  "prothrombin  time"  (6),  while  in  itself  merely  an  indication 
of  the  coagulation  time,  can  here  be  used  as  an  index  of  the  amount  of 
prothrombin  present  because  antithrombin  in  these  experiments  did 
not  vary.  In  the  first  experiments  the  coagulation  time  and  prothrom- 
bin time  varied  so  much,  due  probably  to  the  excitement  incident  to 
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confining  and  etherizing  the  animal,  that  it  was  decided,  in  order  to 
eliminate  such  disturbance,  to  cut  the  splanchnic  nerves  before  begin- 
ning the  experiment.  Under  aseptic  precautions  an  incision  was  made 
in  the  anterior  abdominal  wall  and  the  nerves  cut  where  they  cross  the 
cnu'a  of  the  diaphragm.  Both  the  major  and  minor  splanchnics  were 
severed  when  both  were  found.  The  latter  was  not  found  at  operation 
in  about  half  the  animals;  neither  nerve  was  ever  found  intact  at 
necropsy.  The  operated  animals  were  never  used  for  experiments 
until  tite  abdominJEil  wound  was  completely  healed — an  interval  of 
from  two  to  eight  weeks. 

The  following  illustrative  protocols  will  show  the  coiurse  of  procedure 
and  the  details  of  the  results: 


Cat  15.    Weight  3  k.    Both  splanchnio 


Experiment  VIII.    July  2,   1915. 
nerves  cut  June  15,  1915. 

9.50  a.m.  Etherized. 

9.58  a.m.  Pithed. 

10.37  a.m.  C.  T.— 10'— 10'30". 

10.47  a.m.  Specimen  no.  1 — 4.5  cc.  from  right  femoral  artery. 

10.49  a.m.  C.  T.— 7'. 

10.55  a.m.  0.4  cc.  adrenin  (1: 100,000)  into  left  femoral  vein. 

10.59  a.m.  C.  T.— 3'30"— 4'15". 

11.04  a.m.  Specimen  no.  2—4.5  cc. 

11.06  a.m.  C.  T.— 2'15". 

11.25  a,m.  C.  T.— 3'. 

11.29  a.m.  C.  T.— 4'45"— 5'30". 

11.36  a.m.  Specimen  no.  3 — 4.5  cc. 

12.17  p.m.  C.  T.— 7'— 7'30". 

12.26  p.m.  Specimen  no.  4 — 4.5  cc. 

12.27  p.m.  C.  T.— 3'30". 

12.31  p.m.  C.  T.— 5'30"— 6'30". 


Autopsy  shows  both  splanchnic  nerves  divided. 
Prothrombin, 

5  gtts.  plasma  no.  1+2  gtts.  CaCIs  Clotting  time  4' 
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Optimum         Cheek 


o  Rtts.   plasma  no.  3   2  gtts.  CaCU  Clotting  time  3'30" 

«  «  it  2'30" 

«  a  a  3/3Q// 

«  <i  l<  0/ 
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Experiment  XII— Control.    July  22,   1915. 
splanchnic  nerves  cut  Jime  23,  1915. 


Cat  23.    Weight  3.8    k.     Both 


10.10 

a.m. 

10.15 

a.m. 

10.39 

a.m. 

10.58 

a.m. 

11.00 

a.m. 

11.31 

a.m. 

11.33 

a.m. 

12.08 

p.m. 

12.10 

p.m. 

12.24 

p.m. 

12.32 

p.m. 

12.34 

p.m. 

Etherized. 

Pithed. 

C.  T.— 10'. 

C.  T.— 9'— 9'— 12'. 

Specimen  no.  1-5  cc. — from  right  femoral  artery. 

C.  T.— 9'— 9'30". 

Specimen  no.  2-4.5  cc. 

C.  T.— 11'— 11'. 

Specimen  no.  3-4.5  cc. 

0.8  cc.  0.9  per  cent  salt  solution  into  left  femoral  vein. 

Specimen  no.  4.    4-4.5  cc. 

C.  T.— 5'30"— 10'— 10'30". 
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Autopsy  shows  both  nerves  divided. 
Prothrombin 

5  gtts.  plasma  no.  1+2  gtts.  CaCli    Clotting  time  9'30" 
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no.  2 


no.  3 


3    " 

18' 

4    " 

6' 

4    " 

6' 

5    " 

6' 

6    " 

6' 

2    « 

2'30" 

3    " 

6' 

4    " 

6' 

5    " 

2'30" 

6    " 

6' 

2    « 

2'30" 

3    " 

t            2'30" 

4    " 

2'30" 

6    " 

2'30" 

6    " 

2'30" 

7'30' 


6'30' 


7'45' 


7'45' 


2'30' 


Experiment  XIV,    July  27,  1915. 
cut  June  19,  1915. 

10.15  a.m.    Etheriied. 

10.35  a.m.    Pithed. 

10.59  a.m.    C.  T--6'30"— 7'45' 


Cat  20.     Weight    3  k.    Both  splanchnics 


11.01  a.m.    Specimen  no.  1 — 4.5  cc.  from  right  femoral  artery. 
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11.07  a.m.  1  cc.  0.9  per  cent  salt  solution  into  left  femoral  veii^. 

11.10  a.m.  C.  T.— 5'— 5'. 

11.16  a.m.  Specimen  no.  2 — 4.5  cc. 

11.17  a.m.  C.  T.— 3'30"— 6'. 

11.49  a.m.  0.4  cc.  adrenin  (1 :  100,000)  into  left  femoral  vein. 

11.51  a.m.  C.  T.— 30"— 30". 

11.54  a.m.  Specimen  no.  3-4.5  cc. 

12.15  p.m.  C.  T.— 2'30"— 3'. 

12.17  p.m.  Specimen  no.  4 — 4.5  cc. 


Autopsy  shows  both  nerves  cut. 
Prothrombin 

5  gtts.  plasma  no.  1+2  gtts.  CaCU  Clotting  time  3' 
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1916.     Cat    77.     Weight   2.4   k.     Both 


Experiment    XVIII.     February    6, 
splanchnics  cut  November  10,  1915. 
10.55  a.m.    Pithed. 
11.36  a.m.    Specimen  no.  1 — 10  cc. 

11.48  a.m.    0.35  cc.  adrenin  (1:  100,000)  into  left  femoral  vein. 
11.57  a.m.    Specimen  no.  2 — 8  cc. 
12.34  p.m.    Specimen  no.  3 — 10  cc. 


Weight  crucible  4-  paper  -f  fibrinogen. 

Weight  cruc.  -h  paper 

Weight  fibrinogen 

Fibrinogen  per  100  cc.  plasma 


BPECniEN 
NO.   1 

(6cc.) 

speaMEN 

NO.  2 

(5  cc.) 

SPECIMEN 
NO.      S 
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13.5685 

IS. set 

IS. 972 

IS. 5680 

0.005 
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0.0005 

.  0.083 

0.020 

0.007 
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The  graphic  representation  of  the  results  was  made  on  a  percentile 
basis,  with  the  values  obtained  in  the  first  specimen  of  blood  taken  as 
100.  For  instance  in  Experiment  VIII  the  prothrombin  times  are  as 
follows:  4'45",  2"60",  3'15",  3'30".  If  4'46"  is  taken  to  represent  the 
normal  amount  of  prothrombin  in  the  circulating  blood,  a  decrease  of 
prothrombin  time  to  2'50"  indicates  according  to  Howell  an  increase 
in  prothrombin  provided  the  antithrombin  does  not  vary.  To  express 
this  in  per  cent  we  call  4'45",  100  per  cent.  Then  the  relative  amounts 
of  prothrombin  will  be  in  inverse  ratio  to  the  "prothrombin  times" 
(inasmuch  as  the  antithrombin  does  not  change)  and  the  results  from 
which  the  diagram  of  this  experiment  would  be  made  would  be  expressed 
by  the  proportion: 

285":  170":  :x:100 

X  =  168  (the  nearest  whole  number) 

Thus,  in  the  experiment,  nine  minutes  after  the  injection  of  adrenin 
there  was  an  increase  of  68  per  cent  in  the  prothrombin  in  the  circulating 
blood.  A  similar  procedure  was  followed  in  calculating  the  antithrom- 
bin, coagulation  time,  and  fibrinogen  values  on  a  percentile  basis. 

The  time  of  each  specimen  was  noted,  taking  the  time  of  pithing  as 
the  starting  point.  That  is,  each  specimen  is  said  to  have  been  taken 
so  many  minutes  after  pithing,  The  times  of  injection  were  noted  in 
the  same  way.  These  varied  somewhat  from  experiment  to  experiment 
but  as  the  same  general  procedure  was  followed  this  variation  was  not 
excessive.  The  times  that  appear  on  the  charts  represent  the  average 
time  after  pithing  when  the  various  specimens  were  taken.  There  were 
usually  four,  occasionally  five,  specimens.  Injections  were  made 
after  the  first  specimen,  as  a  rule.  When  two  injections  were  made 
they  came  between  the  first  and  second  and  fourth  and  fifth  specimens 
of  blood  for  analysis.  In  averaging  the  coagulation  times  those  nearest 
each  specimen  (the  C.  T.  was  done  in  relation  to  each  specimen  of 
blood  for  analysis)  were  arranged  and  plotted  on  the  chart  on  the  same 
ordinate  as  the  specimen  with  which  they  were  connected.  The 
ciures  themselves  scarcely  need  discussion.  From  figure  1  it  is  seen 
that  the  decrease  in  coagulation  time  is  exactly  proportional  to  the 
increase  in  prothrombin,  while  the  antithrombin  remains  a  straight 
line.  Unexpectedly  it  was  found  in  two  experiments  that  the  fibrino- 
gen fell,  but  as  was  pointed  out  above,  such  minute  quantities  were 
avaUable  that  these  figures  possess  very  Uttle  significance.  Whether 
the  low  values  obtained  for  fibrinogen  in  these  animals  was  due  to  the 
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splanchnectomy  must  be  determined  by  futm-e  work.  Figure  2  shows 
the  values  obtained  in  the  controls.  As  will  be  readily  seen,  there  is 
practically  no  change  in  any  of  the  factors. 
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Fig.  1.  Solid  line  represents  prothrombin!  dash  line  antithrombin,  dotted 
line  fibrinogen,  dash-dot  line  coagulation  time.  Figures  on  the  ordinate  express 
per  cent,  those  on  the  abcissa  minutes  after  pithing.  The  intersection  of  the 
ordinate  and  abscissa  indicates  the  time  of  pithing.  At  fifty-three  minutes 
after  pithing  0.15  cc.  of  adrenin  (1 :  100,000)  per  kilo  was  injected  intravenously. 
These  curves  represent  the  average  of  Experiments  vii,  viii,  x,  xi  and  xiii.  This 
figure  is  the  graphic  expression  of  the  average  percentile  variation  in  these  factors 
after  the  injection  of  minimal  doses  of  adrenin.  The  amount  in  the  blood  of  the 
animals  before  the  injection  was  made  is  considered  to  be  100  per  cent. 

In  comparing  our  results  with  those  of  Cannon  and  Gray  it  seems 
likely  that  prothrombin  is  elaborated  in  the  Uver  and  possibly  in  the 
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intestines  also  (2).  In  connection  with  the  other  actions  of  adrenin 
of  biological  importance,  the  present  fact  is  of  interest  taken  in  con- 
junction with  the  fact  that  hemorrhage  decreases  coagulation  time 
by  decreasing  the  amount  of  antithrombin  in  the  circulating  blood  (6). 
Under  the  stress  of  the  major  emotions  there  is  a  discharge  of  adrenin 
which  causes  a  decrease  in  the  coagulation  time  and  under  the  con- 
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Fig.  2.  Solid  line  represents  prothrombin,  dash  line  antithrombin,  dash-dot 
line  coagulation  time.  The  ordinate  is  graduated  in  per  cent  and  the  abscissa 
measures  minutes  after  pithing.  These  curves  record  the  average  variations  in 
the  factors  charted  of  experiments iii,  v,  vi,  xii,  xiv,  and  xv.  This  figure  shows  the 
results  obtained  in  the  control  experiments  in  some  of  which  no  injection  was 
made  and  in  some  of  which  normal  saline  solution  was  injected  intravenously. 

ditions  of  savage  Ufe  hemorrhage  is  often  an  accompaniment  of  such 
emotions.  In  such  a  case  there  would  be  a  change  in  two  factors  of 
the  coagulation  time  of  the  blood,  each  change  tending  to  decrease 
this  time — ^a  powerful  mechanism  of  vital  importance  to  the  individual. 
I  wish  to  express  my  sincerest  thanks  to  Dr.  W.  B.  Cannon  at  whose 
suggestion  and  under  whose  guidance  the  work  was  done. 
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CONCLUSION 

The  intravenous  administration  of  minimal  doses  of  adrenin  (0.143  cc. 
of  a  1 :  100|000  solution  per  kilo)  decreases  coagulation  time  by  increas- 
ing the  amount  of  prothrombin  in  the  circulating  blood. 
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CONTRIBUTIONS  TO  THE  PHYSIOLOGY  OF  THE  STOMACH 

XXXVI.  The  Physiology  of  the  Gastric  Hunger  Contractions 
IN  THE  Amphibia  and  the  Reptilia.    Comparative 
Studiep.    I' 

T.  L.  PATTERSON 
KingstoTif  Canada 

From  the  Hull  Physiological  Laboratory  of  the  University  of  Chicago  and  the 
Physiological  Laboratory  of  Queen* 8  University 

Heceived  for  publication,  September  30,  1916 
INTRODUCTION 

It  is  now  evident  from  the  more  recent  work  of  Cannon  (1)  and 
Carlson  (2)  that  the  sensation  of  hunger  is  due  to  contractions  of  the 
stomach  wall  in  contra-distinction  to  the  older  hypotheses  in  existence; 
e.g.,  the  theory  that  hunger  is  a  general  bodily  sensation,  that  it  is 
due  merely  to  emptiness  of  the  stomach,  that  it  arises  from  hydro- 
chloric acid  in  the  empty  stomach,  and  lastly,  that  it  is  due  to  turges- 
cence  of  the  gastric  glands — "turgescence  theory''  of  Beaumont. 
Notwithstanding  the  large  amount  of  literature  upon  the  movements 
of  the  gastric  motor  mechanism,  Uttle  has  been  done  to  establish  the 
exact  analogy  of  the  gastric  hunger  contractions  throughout  the  verte- 
brate series.  Certain  facts  have  been  ascertained  regarding  the  state 
of  the  fasting  stomach  in  higher  animals,  and  certain  inferences  have 
been  drawn  from  these  facts,  but  since  the  complex  fimctions  of  man 
are  unravelled  many  times  from  a  study  of  lower  forms  it  might  be  of 
some  physiological  importance  if  a  series  of  similar  investigations  were 
conducted  on  the  remaining  classes  of  the  vertebrates  and  even  per- 
haps upon  certain  forms  of  the  invertebrates.  Up  to  the  present  time, 
however,  all  the  principal  work  has  been  done  on  a  single  animal  group, 

*  A  preliminary  report  of  this  work  was  made  before  the  1915  meeting  of  the 
American  Physiological  Society  at  Boston,  a  brief  abstract  of  which  was  pub- 
lished in  the  Proceedings  of  that  society.  Also  some  of  the  results  were  presented 
in  a  paper  read  before  the  Kingston  Medical  and  Surgical  Society,  February  28, 
1916. 
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the  mammalia,  with  the  exception  of  some  work  now  in  progress  on 
the  group  of  the  aves.  Therefore,  in  descending  the  vertebrate  scale 
to  new  fields  of  investigation  in  this  particular  phase  of  phjrsiology 
the  next  groups  in  order  are  the  reptilia  and  the  amphibia,  respectively. 
Representatives  from  these  two  groups  will  be  dealt  with  in  this  report. 
Various  investigators  have  worked  with  the  spontaneous  movements 
of  the  gastro-neuro-muscular  apparatus  of  poikilothermic  animals 
which  has  been  confined  principally  to  the  frog  under  varying  con- 
ditions. They  have  studied  the  excitatory  and  the  inhibitory  influ- 
ences upon  gastric  motility  through  its  extrinsic  innervation  by  means 
of  electrical,  mechanical  and  chemical  stimuU,  as  well  as  the  direct 
effects  on  this  organ.  With  regard  to  the  gastro-inhibitory  effect  of 
the  vagus  certain  experiments  upon  the  frog  are  of  special  interest, 
Volkmann  (3)  in  1841  found  that  if  the  medulla  oblongata  is  destroyed 
or  the  vagi  are  cut,  a  Uvely  peristaltic  movement  in  the  stomach  is 
observed.  Goltz  (4)  in  1872  confirmed  the  above  results,  but  neither 
of  these  authors  was  able  to  correctly  interpret  his  findings;  the 
former  could  not  yet  think  of  inhibition,  and  the  latter  although  the 
interpretation  suggested  itself  could  not  conceive  of  the  idea  that 
inhibitory  and  motor-nerve  fibers  could  bp  contained  in  the  same 
nerve  trunk.  The  appearance  of  a  movement  after  the  section  of  the 
vagi,  in  a  stomach  previously  at  rest,  seems  to  indicate  that  in  a  nor- 
mal state  these  nerves  exert  an  inhibitory  influence  upon  the  stomach. 
The  results  obtained  by  Goltz  (5)  from  curarized  frogs  which  had  been 
left  unfed  for  some  days  previous  to  the  beginning  of  the  experiment 
showed  in  addition,  that  the  automatic  movements  of  the  frog's  stom- 
ach disappeared  after  the  destruction  of  the  brain  and  cord,  as  well 
as  after  the  cutting  of  both  vagi.  According  to  this  observation  the 
vagi  would  contain  inhibitory  fibers  for  the  stomach,  but,  since  the 
gastric  wall  remained  in  a  more  or  less  tonic  condition  and  was  not 
followed  by  expansion  as  far  as  I  am  able  to  determine  from  a  review 
of  Goltz's  paper,  the  movements  of  the  frog's  stomach  itself  must  have 
been  suppressed  by  the  artificial  excitement  of  the  vagi.  Furthermore, 
he  states  that  the  mere  cutting  of  the  vagus  with  scissors  in  close  proxim- 
ity to  the  esophagus  gives  rise  to  violent  movements  in  the  wall  of 
the  stomach.  This  would  indicate  the  existence  of  motor  fibers  for 
the  frog's  stomach.  The  presence  of  gastro-inhibitory  fibers  in  the 
vagi  have  been  conclusively  shown  by  Langley  (6),  Meltzer  (7),  May 
(8),  and  Cannon  (9)  in  manmials.  According  to  Kronecker  and  Melt- 
zer (10)  the  tonus  of  the  cardia  for  the  rabbit  at  least  is  diminished  or 
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inhibited  at  the  onset  of  each  deglutition,  and  if  many  deglutitions 
follow  one  another  in  rapid  succession,  the  tonus  may  be  entirely 
abolished.  This  relaxation  of  the  cardia  is  of  central  nervous  origin 
since  it  takes  place  even  when  the  esophagus  is  severed,  but  disappears 
when  the  vagi  are  cut.  Auer  (11)  has  reported  that  only  a  slight  degree 
of  reflex  inhibition  of  the  stomach  is  obtained  through  the  vagi  in 
rabbits.  Von  Openchowski  (12)  has  described  nerve  twigs  of  the  vagi 
in  the  proximity  of  the  cardia,  from  one  of  which  he  obtained  by  stimu- 
lation contraction,  and  from  another  relaxation  of  the  cardia.  Accord- 
ing to  May  (8,  13)  the  vagi  contain  both  motor  and  inhibitory  fibers 
for  the  stomach  musculature.  Stimulation  of  the  vagus  produces  two 
eflfects,  namely,  an  inhibitory  or  dilatatory  efifect  followed  by  an  in- 
crease of  gastric  muscular  tone  and  movements,  the  former  predomi- 
nating in  the  cardiac  end  of  the  stomach  and  the  latter  in  the  pyloric 
end.  Similar  effects  were  produced  by  ''anemia''  of  the  stomach 
when  it  was  suddenly  produced.  This  author  also  believed  that  the 
splanchnics  had  no  direct  influence  either  motor  or  inhibitory  on  the 
stomach  muscular  wall.  Later  investigations  by  Cannon  and  Mur- 
phy (14)  and  Auer  (11)  have  shown  that  the  inhibition  of  the  gastric 
movements  of  digestion  is  produced  through  the  splanchnic  nerves 
and  the  same  has  been  verified  by  Carlson  (16)  for  the  gastric  hunger 
contractions.  Furthermore,  it  has  been  shown  by  Cannon  (16)  for 
the  digestive  movements  and  by  Carlson  (15)  for  the  hunger  movements 
that  the  gastric  tonus  is  largely  maintained  through  the  vagi.  Mayer 
(17)  has  described  three  motor  effects  resulting  from  vagus  excitation 
in  the  neck  of  rabbits,  namely,  (a)  The  cardial  part  of  the  stomach 
becomes  very  stiff,  then  follows  a  subsequent  contraction-pyloric 
wave.  (6)  The  usually  observed  depression  between  the  cardial  and 
pyloric  portions  becomes  more  manifest  and  depressions  in  other  parts 
are  noted,  (c)  The  whole  stomach  musculature  passes  into  a  state  of 
tetanic  contraction  which  persists  a  long  time.  Longet  (18)  did  not 
obtain  such  results  from  vagus  excitation  in  the  neck  of  this  animal. 
The  discrepancy  in  the  results  was  due  to  the  fact  that  in  the  period 
of  digestion  the  above  mentioned  effect  of  the  nerve  action  is  not  mani- 
fested. Adrian  (19)  verified  by  electric  excitation  of  the  plexus  coelia- 
cus  and  its  neighborhood,  movements  in  the  cardia  and  pylorufc. 

The  experimental  ivbrk  in  connection  with  the  excitatory  and  in- 
hibitory movements  of  the  frog's  stomach  has  not  been  confined  alone 
to  the  vagus.  Various  other  nerves  under  stimulation  have  been  found 
to  exert  a  marked  influence  on  the  gastric  motor  mechanism.     Waters 
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(20)  noticed  that  strong  stimulation  of  the  third,  fourth,  fifth  and  sixth 
nerves  in  the  frog  at  their  exit  from  the  spinal  ciord  led  to  contractions 
of  the  stomach,  as  well  as  the  esophagus  and  sometimes  the  small 
intestine.  Steinach  and  Wiener  (21)  have  described  motor  effects  in 
the  frog's  viscera  as  a  result  of  stimulation  of  the  posterior  roots. 
According  to  these  authors  the  stomach  is  innervated  from  the  third, 
fourth  and  fifth  spinal  nerves.  Dixon  (22)  verified  the  above  results 
by  stimulation  of  the  rami  communicantes  of  the  third,  fourth  and  fifth 
spinal  nerves  which  corresponds  to  the  origin  from  the  spinal  nerves 
described  by  Waters  and  Steinach  and  Wiener.  According  to  this 
author  stimulation  of  the  rami  communicantes  of  the  fourth  spinal  nerve 
produces  tonic  contraction  together  with  augmented  and  more  regular 
automatic  stomach  contractions.  Stimulation  of  the  third  and  fifth 
rami  produces  a  similar  but  smaller  efifect.  The  vagus  contains  inhibi- 
tory fibers  to  tonus  but  upon  excitation  of  this  nerve  augmented  auto- 
matic movements  usually  result,  but  no  increase  in  gastric  tonus  is 
ever  observed.  Contejean  (23)  in  studying  the  innervation  of  the 
stomach  of  Batracians  foimd  that  electrical  excitation  of  the  sympa- 
thetic caused  no  relaxation  of  the  gastric  reservoir,  it  even  caused  con- 
traction although  to  a  lesser  degree  than  excitation  of  the  vagus.  It 
is  with  the  vagus  and  not  with  the  sympathetic  that  this  author  has 
been  able  to  provoke  arrest  phenomena  in  the  peristaltic  movements 
of  the  stomach,  and  he  thinks  the  vagus  acts  especially  on  the  longitudi- 
nal fibers  while  the  sympathetic  commands  the  circular  fibers  although 
they  are  probably  not  absolutely  dependent  upon  the  sympathetic. 
He  has  also  quite  regularly  provoked  contraction  of  the  pylorus  in 
dogs  by  electrization  of  the  vagus.  Meltzer  (24)  found  that  very 
weak  excitation  when  applied  directly  to  the  stomachs  of  dogs,  cats, 
rabbits  and  frogs  caused  contraction,  if  the  electrode  was  placed  on 
the  outer  side  of  the  stomach.  This  varied  somewhat  with  the  animal 
used,  but  the  main  excitatory  parts  according  to  him  were  the  pylorus, 
the  cardia  and  slightly  the  fundus,  except  in  the  case  of  the  frog  in 
which  these  points  were  not  definitely  localized.  BattelU  (25)  studied 
the  gastric  movements  under  the  influence  of  drugs,  and  draws  the 
interesting  conclusion  that  the  vagus  by  the  inner  branch  of  the  acces- 
sorius  not  only  regulates  the  moving  phases  but  also  the  inhibition 
phases  of  the  stomach  muscles.  Doyon  (26)  found  that  excitation 
of  the  peripheral  end  of  the  vagus  under  ordinary  conditions  in  dogs 
undergoing  digestion,  the  nerve  of  the  opposite  side  being  intact,  in- 
variably provoked  exaggeration  of  the  stomach  movements,  but  he 


Digitized  by 


Google 


60  T.    L.    PATTERSON 

never  observed  any  clearly  marked  suspensory  action  of  the  nerve  on 
the  gastric  reservoir  or  a  diminution  of  the  gastric  tonus.  According 
to  this  author  an  injection  of  pilocarpine  or  strychnine  appears  to 
favor  the  putting  into  play  of  the  inhibitory  power  of  the  vagus  nerve 
on  the  movements  of  the  stomach,  since  excitation  of  the  peripheral 
end  of  this  nerve  after  the  injection  causes  a  decontraction  of  the 
gastric  reservoir  followed  by  an  exceptionally  energetic  contraction 
and  he  suggests  that  these  substances  provoke  a  combined  effect 
through  the  gastro-inhibitory  and  gastro-motor  fibers  of  the  vagus. 
Barbara  (27)  used  the  stomach  sack  method  in  investigating  the  spon- 
taneous activity  of  the  frog's  stomach.  The  brain  was  separated  from 
the  medulla  and  two  cannulas  were  introduced  into  the  stomach;  one 
into  the  cardia  and  held  by  an  esophageal  Ugature,  and  the  other 
through  the  pylorus  and  fixed  by  a  duodenal  ligature.  The  stomach 
was  then  filled  with  normal  saline  solution  at  a  small  pressure  of  from 
3  to  4  cm.  in  the  ascending  cardial  orifice  and  connected  with  a  Marey 
apparatus  for  registering  the  movements  or  alternations  in  its  internal 
capacity.  With  such  an  arrangement  Barbara  studied  the  effect  of 
electrical  excitation  on  the  gastro-spontaneous  movements,  and  con- 
cluded that  the  stomach  muscular  movements  were  reflex  movements. 
Glafsner  (28)  with  a  somewhat  similar  arrangement  studied  the  effect 
of  different  substances  (poisons)  in  the  stomach.  He  used  a  double 
cannula  instead  of  two  single  cannulas  which  he  introduced  through 
the  esophagus.  Dixon  (22)  undertook  a  similar  inquiry  but  used  an 
internal  pressure  of  from  10  to  20  cm.  up  in  a  frog's  stomach.  He 
thought  that  the  optimal  water  pressure  varied  greatly  with  different 
animals  and  emphasized  the  fact,  that  the  spontaneous  movement 
with  his  method  exhibited  greater  regularity. 

There  were  generally  differences  of  opinion  as  regards  the  animals 
among  authors.  Some  thought  that  regularity  and  strength  of  the 
spontaneous  contractions  varied  according  to  the  animal,  and  that  in 
the  case  of  frogs,  winter  frogs  were  not  suitable.  Also  adverse  ideas 
existed  as  regards  unfed  and  fattened  frogs.  Morishima  and  Fujitani 
(29)  investigated  the  spontaneous  movements  of  the  frog's  stomach 
(Esculenta)  with  a  William's  heart  apparatus.  They  isolated  the 
whole  stomach  in  toto,  but  used  only  the  part  in  the  neighborhood  of 
the  pylorus,  so  that,  when  the  double-walled  cannula  was  tied  in  the 
fundus  the  prepared  "Magensack"  constituted  about  one-third  of  the 
whole  stomach  wall.  The  pyloric  end  was  closed  by  a  ligature  and 
the  whole  placed  into  Ringer's  solution  into  which  a  slow  current  of 
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oxygen  was  led.  These  authors  verified  that  regular  and  strong  con- 
tractions are  obtained  with  well  fed  frogs,  and  they  do  not  think  that 
the  condition  qf  the  stomach,  that  is,  full  or  empty  is  of  great  conse- 
quence. Glifsner  (28)  used  either  freshly  caught  hungry  frogs,  or 
those  confined  a  long  time,  fed  on  rain-worms,  etc.,  and  then  left  with- 
out food  for  some  days  before  the  experiment.  Dixon  (22)  thought 
that  hungry  frogs  such  as  Glafsner  and  others  used  gave  much  worse 
results  than  normal  animals,  and  that  if  kept  in  confinement  for  two 
months  were  quite  unfit  for  use.  According  to  Morishima's  and 
Fujitani's  experience  the  stomach  filled  with  food  is  the  best  for  study- 
ing spontaneous  movements,  but  in  case  of  frogs  kept  a  long  tiinein 
confinement  better  results  are  obtained  if  frog-muscle  or  rain-worms 
are  fed  them  some  days  before  the  experiment.  More  recently,  Hopf 
(30)  with  a  similar  arrangement  to  Barbara's  has  shown  conclusively 
that  stimulation  of  the  vagus  in  the  frog  can  have  the  effects  of  inhibi- 
tion and  of  excitation  on  the  gastric  reservoir.  In  order  to  obtain  good 
results  the  stomach  must  be  placed  in  a  good  condition  of  automatic 
contraction  (motiUty).  The  phase  of  inhibition  is  then  seen  preceding 
that  of  excitation,  and  the  excitation  is  stronger  than  the  inhibition, 
the  intensity  and  the  duration  of  the  current  having  little  or  no  influence 
on  the  vagus  effect.  According  to  this  author  there  is  a  great  dis- 
tinction between  fed  and  unfed  frogs  in  the  size  and  stability  of  the 
automatic  stomach  movements,  but  winter  frogs  give  good  results  if 
previously  fed. 

EXPERIMENTAL  PROCEDURE 

The  comparative  studies  on  the  amphibia  and  the  reptilia  were 
made  on  the  bullfrog  (Rana  catesbiana),  better  known  in  the  fish 
markets  as  the  "jumbo  frog, "  and  the  common  snapping  turtle  (Chely- 
dra  serpentina),  respectively.  All  the  bullfrogs  were  obtained  from 
the  South,  Louisiana,  through  local  dealers  in  Baltimore  and  Chicago 
and  were  stomostomized.  This  simple  operation  which  has  only  been 
briefly  described  by  the  author  (31)  consists  of  making  a  circular  open- 
ing on  one  side  between  the  ramus  of  the  inferior  maxillary  near  the 
posterior  angulosplenial  region  and  the  anterior  comua  of  the  hyoid 
bone  through  the  skin,  the  submaxillaris  (mylohyoideus)  muscle  and 
the  lining  membrane  of  the  pharyngo-oral  cavity  (32)  of  suflScient  size 
(about  8  mm.  in  diameter)  to  admit  the  balloon  and  the  attached  rubber 
tube  which  connects  with  the  recording  manometer.  This  operation 
may  be  bloodlessly  performed  provided  care  is  taken  to  avoid  injury 
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to  the  superficial  mandibular  vein  (vena  maxillaris  inferior)-which  runs 
along  the  insertion  of  the  submaxillaris  muscle,  and  turns  inwards  at 
its  hinder  border  to  join  the  lingual  vein.  Through  this  artificial 
opening  or  stomostomy  which  usually  heals  in  from  three  to  four  days 
so  that  the  animal  may  be  used  for  experimental  tests  with  normal 
results  is  introduced  the  deUcate  rubber  balloon  by  means  of  a  glass 
seeker.  Then  by  opening  the  frog's  mouth  the  balloon  may  be  care- 
fully pushed  into  the  stomach  with  the  seeker  through  the  short  esoph- 
agus which  may  be  greatly  enlarged,  yet  when  empty  is  completely 
closed  by  folding  of  the  walls.  In  this  position  the  balloon  may  be 
inflated  through  a  glass  T-tube  and  the  desired  pressure  obtained  in 
the  manometer,  the  rubber  tube  passing  through  the  stomostomy  to 
which  the  balloon  is  attached  lying  in  the  posterior  part  of  the  pharyngo- 
oral  cavity  under  the  free  edge  or  at  the  side  of  the  tongue,  and  there- 
by eliminating  any  possibiUty  of  the  stomach  pressure  fluctuations  on 
the  balloon  which  are  transmitted  by  air  transmission  to  the  surface 
of  the  Uquid  in  the  manometer  being  partially  or  entirely  shut  oflf,  which 
would  be  the  case,  if  the  flexible  rubber  tube  passed  between  the  jaws 
so  the  animal  could  bite  upon  the  tube.  Like  the  gastric  fistula  in 
dogs  there  is  no  trouble  in  the  way  of  closing  up  of  the  stomostomy  as 
long  as  the  animal  is  being  used  daily,  but  when  unused  it  usually  closes 
up  completely  in  from  five  to  seven  weeks.  The  opening  appears  to 
be  of  practically  no  inconvenience  to  the  animal.  It  will  have  to  be 
admitted  that  practically  all  the  methods  previously  used  by  investi- 
gators for  studying  the  spontaneous  movements  of  the  frog's  stomach 
were  more  or  less  pathological  in  their  entirety,  while  the  method  used 
in  this  investigation  allows  the  animal  to  remain  in  a  perfectly  normal 
condition  at  all  times,  since  the  stomostomy  in  the  flobr  of  the  mouth 
does  not  interfere  in  any  way  with  the  normal  physiological  activity 
of  the  gastric  motor  apparatus  or  any  other  system  of  the  body.  The 
large  species  of  frog  is  also  advantageous  with  this  method  since  more 
accurate  results  are  usually  obtained  from  larger  animals. 

During  the  record  taking  of  the  gastric  hunger  movements,  the 
animals  were  placed  individually  in  small  laboratory  table  sinks,  7 
by  10  inches  and  5  inches  in  depth.  The  bottoms  were  covered  with 
several  layers  of  filter  paper  to  partially  close  the  outlet  and  water  was 
allowed  to  drip  very  slowly  from  the  faucet.  Each  sink  was  then 
covered  with  the  exception  of  a  very  small  ope^hing  for  the  passage  of 
the  rubber  tube  from  the  balloon  in  the  frog's  stomach  to  the  man- 
ometer.   With  this  arrangement  the  animals  were  practically   con- 
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cealed  from  all  disturbing  influences  and  the  sinks,  darkened  as  the}' 
were  by  opaque  covers,  the  animals  felt  themselves  securely  hidden 
and  would  remain  very  quiet  for  long  periods  of  time.  Two  animals 
were  always  run  at  the  same  time,  the  one  as  a  control  on  the  other, 
and  the  same  tests  were  always  appUed  to  both.  For  the  temperature 
experiments  it  was  necessary  to  use  different  devices.  To  determine 
the  effects  of  raising  the  temperature  upon  the  movements  of  the  gas- 
tric hunger  apparatus,  the  animal  was  placed  in  a  glass  cylinder  of 
7i  inches  diameter  and  6  inches  in  height,  having  a  2f  inch  raised  base 
of  wire  gauze  covered  with  a  circular  galvanized  iron  plate,  the  size 
of  the  interior  of  the  cylinder.  The  animal  stood  upon  the  raised 
base  and  occupied  the  upper  3J  inches  of  the  cylinder.  The  top  of 
the  cylinder  was  provided  with  a  wooden  cover  containing  two  small 
openings,  one  for  a  thermometer,  and  the  other  for  the  rubber  tube 
from  the  balloon.  Around  the  glass  cylinder  was  wrapped  a  dark 
colored  wet  towel  to  darken  its  interior  and  the  whole  was  placed  in  a 
large  vessel  containing  water  at  ordinary  room  temperature  to  a  height 
that  rose  within  about  ^  inch  of  the  galvanized  iron  plate  within  the 
cyUnder.  The  temperature  of  the  water  was  now  very  gradually 
increased  at  the  rate  of  about  10°C.  per  three  hours  and  continuous 
records  of  the  hunger  movements  recorded.  On  the  other  hand,  the 
effects  of  cooling  or  lowering  the  temperature  was  determined  by  plac- 
ing the  animal  in  a  box  12  by  10  inches  and  8J  inches  in  height,  the  sides 
of  which  were  covered  with  J  inch  mesh  wire  gauze  and  the  top  and 
bottom  of  wood.  Around  the  sides  and  top  was  placed  a  dark  colored 
wet  towel  to  darken  the  interior  as  in  the  case  of  the  cylinder  above,  as 
well  as  to  shut  out  all  possible  disturbing  influences.  The  animal  so 
arranged  was  placed  in  a  refrigerator,  the  door  of  which  having  been 
previously  left  open  until  the  temperature  of  its  compartment  reached 
approximately  that  of  the  ordinary  room  temperature.  The  tempera- 
ture was  obtained  by  a  thermometer  in  the  box  which  was  very  gradu- 
aUy  lowered  by  the  gradual  closing  of  the  refrigerator  door  at  the  rate 
of  about  10°C.  per  three  hours,  while  continuous  records  were  being 
taken.  However,  in  one  case  where  it  was  desired  to  reduce  the  tem- 
perature to  a  very  low  degree,  a  freezing  mixture  of  cracked  ice  and  salt 
was  packed  around  the  glass  cylinders  above  described  and  then  the 
animals  placed  in  position  and  connected  with  the  recording  appara- 
tus. As  might  be  expected,  this  did  not  give  nearly  as  satisfactory 
results  as  did  the  refrigerator  method,  since  the  temperature  was 
reduced-  too   rapidly.     However,   this   very   low   temperature   did 


Digitized  by 


Google 


64  T.   L.    PATTERSON 

bring  out  certain  additional  facts  of  rather  great  importance  which 
the  other  ^lethod  did  not. 

In  the  species  of  turtles  used  the  plastron  is  small  and  narrow, 
exposing  a  great  amount  of  the  fleshy  parts,  therefore  it  was  possible 
to  perform  a  gastrostomy  on  these  animals.  An  incision  about  3 
inches  in  length  was  made  near  the  posterior  curvature  of  the  plas- 
tron of  the  left  side  through  the  abdominal  wall,  and  the  ordinary 
procedure  then  followed  as  outlined  by  Carlson  for  gastrostomy  on 
dogs  (33).  As  a  rule,  snapping  turtles  are  very  vicious  and  are 
rather  unique  among  chelonians  in  defending  themselves  in  a  simi- 
lar manner  to  snakes,  that  is,  by  ''striking"  at  the  object  of  anger. 
The  rapidity  with  which  the  head  is  shot  forward  when  these  animals 
are  disturbed  rivals  the  dexterity  of  the  rattlesnake,  and  when  we 
consider  that  they  are  provided  with  a  pair  of  keen-edged,  cutting 
mandibles  and  jaw  muscles  of  tremendous  power,  the  stroke  of  these 
dangerous  brutes  may  be  followed  by  anjrthing  but  superficial  in- 
jury. In  fact  the  amputation  of  a  finger  by  a  medium-sized  speci- 
men, or  a  hand  by  a  very  large  individual  would  be  an  accomplish- 
ment of  no  difficulty  to  the  reptile  (34).  Therefore  great  precaution 
must  be  used  in  handling  these  animals  for  experimental  purposes  or 
otherwise.  The  safest  way  to  handle  a  large  specimen  is  to  pick 
it  up  by  the  tail  and  hold  it  well  oflf  from  the  body,  but  I  have  found 
it  also  quite  safe  to  handle  it  by  the  posterior  lateral  portions  of  the 
shell.  The  animals  used  weighed  from  10  to  15  pounds,  and  the 
hunger  contractions  were  recorded  by  a  balloon  introduced  through 
the  fistula  into  the  stomach.  During  the  recording  of  the  contractions 
the  animals  were  placed  in  a  specially  constructed  box,  17i  by  lOJ 
inches  and  4^  inches  in  depth  and  supported  on  legs  13  inches  in 
height,  in  the  bottom  of  which  was  an  oval  opening  7  inches  in  length 
by  4i  inches  in  width.  This  opening  in  the  bottom  of  the  box  gave 
access  to  the  fistula  for  the  introduction  of  the  balloon  into  the 
stomach  and  removed  all  possible  danger  of  injury  from  the  vicious 
animals.  This  box  was  provided  with  a  lid  at  one  end  covered  with 
wire  gauze  and  was  of  such  size  that  the  animal  was  comfortable  and 
could  move  about  slightly,  although  the  internal  capacity  was  not 
sufficiently  large  to  permit  the  animal  to  turn  completely  around. 
With  this  arrangement  the  animal  after  it  had  once  quieted  down 
would  remain  quiet  for  hours  and  continuous  records  of  the  gastric 
hunger  movements  could  be  obtained  with  ease.  All  the  records 
from  the  frog  and  turtle  were  taken  on  a  slowly  moving  drum  re- 
volving at  the  rate  of  about  fifty  minutes  per  revolution. 
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THE    CHARACTER    OF    THE    GASTRIC     HUNGER    MOVEMENTS    FROM    THE 
EMPTT  STOMACH   OF  THE   FROG 

The  recorded  observations  upon  the  activity  of  the  gastric  hunger 
mechanism  of  the  frog  have  numerous  points  of  dissimilarity  as 
compared  to  the  numerous  observations  abready  on  record  for  higher 
animals.  Thus,  Carlson  (35)  has  demonstrated  that  the  empty 
stomach  during  prolonged  fasting  exhibits  three  types  of  motor 
activity,  namely: 

1.  Rhythmical  contractions  of  about  twenty  seconds'  duration 
and  designated  the  "twenty  second  rhythm." 

2.  Very  strong  contractions  occurring  periodically  of  about  thirty 
seconds'   diu'ation   and   designated  the   "thirty    second  rhythm." 

3.  Tonus  changes  of  the  stomach  musculatiu'e. 

In  the  frogs  imder  observation  there  were  no  tonus  changes  ob- 
served, not  even  in  prolonged  fasting.  This  would  seem  to  confirm 
the  work  of  Dixon  (22)  on  the  vagus  of  the  frog,  namely,  that  exci- 
tation of  this  nerve  causes  no  increase  in  gastric  tonus  although 
augmented  automatic  movements  usually  occur.  Since  the  diSer^ 
ent  types  of  these  himger  contractions  are  dependent  upon  the  degree 
of  tonus  of  the  stomach  and  since  there  are  no  tonus  changes  in  the 
frog's  stomach  it  would  be  expected  that  only  one  type  of  hunger 
contraction  would  be  exhibited  by  this  animal,  and  this  is  found  to 
be  the  case.  This  particular  type  of  contraction  shows  an  average 
duration  of  about  one  and  three-fifths  minutes,  and  the  intervals 
between  the  contractions  vary  from  sixteen  to  thirty-three  seconds. 
These  contractions  are  very  powerful  and  are  evidently  analogous 
to  the  thirty  seconds  rhythm  in  man  and  dog,  type  I  contractions, 
but  the  individual  contractions  are  very  much  more  vigorous,  that 
is,  if  we  take  into  consideration  the  body^  weight  of  the  frog  as  com- 
pared to  the  body  weight  of  the  above  mentioned  animals.  In  fact,- 
they  even  excel  in  strength  and  amplitude,  the  most  powerful  con- 
tractions from  either  man  or  dog  in  prolonged  fasting  (fig.  1).  In 
general  appearance  the  contraction  is  rather  slow,  the  curve  is  per- 
fectly smooth  and  shows  no  smaller  superimposed  waves,  and  there 
is  no  indication  that  the  contractions  fall  into  groups,  separated  by 
intervals  of  relative  quiescence.  In  the  higher  animals  the  hunger 
contractions  are  periodic  and  represent  simply  more  vigorous  peri- 
staltic movements  diuing  which  the  stomach  becomes  markedly 
hypertonic  (40,  52).    On  the  other  hand,  the  gastric  hunger  con-. 
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tractions  of  the  frog  are  continuous  and  show  a  definite  regularity 
which  goes  on  indefinitely  hour  after  hour  and  day  after  day  with  no 
periods  of  rest  except  for  the  few  seconds'  pause  between  each  in- 
dividual contraction.  This  corroborates  the  work  of  Morishima 
and  Fujitani  (29)  on  the  frog  (Esculenta)  that  very  regular  curve 
tracings  may  be  taken  hourly,  eventually  ten  hours,  and  they  have 


Fig.  1.  Hunger  contractionB  of  the  frog's  stomach  after  twelve  days'  fast. 
At  outline  of  stomach  (as  seen  by  X-ray  and  bismuth  balloon),  between  hunger 
contractions  with  stomach  relaxed.  B,  outline  of  stomach  at  the  height  of  a 
moderately  strong  hunger  contraction.  C,  outline  of  stomach  at  the  height 
of  a  very  strong  hunger  contraction.    Water  manometer. 

published  a  series  of  these  normal  curves  selected  at  definite  inter- 
vals which  extend  over  a  period  of  about  eight  and  a  half  hours  from 
the  beginning  of  the  experiment.  This  corroboration  is  all  the  more 
valuable,  as  the  method  employed  by  these  authors  is  totally  differ- 
ent from  the  one  used  by  myself.  It  was  also  found  that  when  the 
pressure  in  the  balloon  in  the  frog's  stomach  was  increased  that  it 
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increased  the  pressure  in  the  manometer  only  momentarily,  the 
stomach  simply  dilating  to  accommodate  itself  to  the  increased  size 
of  the  balloon.  This  may  be  repeated  several  times  with  apparently 
no  change  in  the  contractions  or  increase  in  the  manometric  pressure 
except  temporarily,  but  finally  a  limit  of  stomach  expansion  will 
be  reached  in  which  to  further  increase  the  pressure  by  blowing 
reasonably  will  be  impossible  and  at  the  same  time  the  manometric 
pressiure  will  be  markedly  increased.  This  no  doubt,  is  an  adaptive 
acconunodation  which  this  low  form  of  vertebrate  animal  possesses, 
since  the  periodic  habit  of  feeding  is  unformed  and  when  food  is 
abundant  it  eats  greedily,  the  stomach  dilating  to  act  as  a  reservoir 
for  the  food. 

THB    CHARACTER    OF    THE     GASTRIC    HUNGER    MOVEMENTS    FROM    THE 
EMPTY  STOBIACH   OF   THE   TURTLE 

The  gastric  hunger  movements  of  the  turtle's  stomach  show  an 
advance  in  phyBiological  development  over  the  gastric  hunger 
activity  of  the  frog,  and  conform  more  to  the  results  obtained  from 
the  stomachs  of  higher  animals.  In  fact,  this  would  be  the  natural 
thing  for  us  to  expect  considering  the  different  positions  that  these 
two  animals  occupy  in  the  animal  scale.  Slight  tonus  variations 
are  observed  and  two  distinct  types  of  hunger  contractions  may  be 
described  in  the  turtle.  The  first  type  of  contraction  in  this  animal 
(fig.  2,  A)  shows  an  average  duration  of  about  one  minute,  and  the 
intervals  between  the  contractions  vary  from  three  to  three  and  a  half 
minutes.  These  contractions  at  first  appear  to  be  less  vigorous  than 
those  from  the  frog's  stomach  and  perhaps  for  this  reason  they  are 
slightly  shorter  in  duration.  This  type  of  contraction  is  characteris- 
tic of  the  early  part  of  the  himger  period  and  is  no  doubt  analogous 
to  the  thirty  seconds  rhythm  in  man  and  dog,  type  I  contractions. 
It  also  corresponds  to  the  type  I  contractions  described  for  the  frog. 
The  small  irregular  waves  which  appear  here  and  there  in  the  rest 
intervals  between  the  individual  contractions  are  exaggerated 
respiratory  movements.  The  gastric  contraction  of  the  turtle  like 
that  of  the  frog  is  rather  moderate  in  appearance  and  the  curve  is 
perfectly  regular  with  no  indication  of  smaller  waves  superimposed 
upon  it.  In  the  latter  part  of  the  active  hunger  period  the  type  I 
contractions  above  described  gradually  change  into  a  second  type 
of  contraction  which  tends  to  approach  incomplete  tetanus  at  every 
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regular  periodic  contraction  of  the  stomach  and  this  effect  becomes 
more  marked  as  the  contractions  continue.  There  is  also  an  increase 
in  gastric  tonus  during  each  contraction  with  its  tetany  and  usually 
a  slight  but  general  increase  in  the  whole  tone  of  the  stomach  mus- 
culature (fig.  2,  B).  This  second  type  of  contraction  is  probably 
the  primitive  ancestor  of  the  twenty  seconds  rhjrthm  in  man.  The 
contraction  with  its  incomplete  tetanus  shows  an  average  duration 
of  about  two  minutes,  and  the  intervals  between  the  contractions 
in  this  case  vary  from  three  and  a  third  to  four  minutes.  The  hunger 
contractions  of  the  turtle  unlike  those  of  the  frog  but  resembling 
those  of  the  higher  animals  fall  into  groups  of  gastric  activity,  sepa* 
rated  by  intervals  of  relative  quiescence.  The  duration  of  the  periods 
of  gastric  hunger  activity  vary  from  five  and  a  half  to  six  hours  and 
the  intervening  periods  of  quiescence  of  the  stomach  from  one  to  one 
and  three-quarters  hours,  with  but  one  exception  in  which  the  quies- 
cent period  was  found  to  be  of  four  and  one-sixth  hours'  duration. 
The  period  of  gastric  hunger  activity  in  the  adult  turtle  appears  to 
be  relatively  long  as  compared  to  that  of  an  adult  dog  (36)  which 
ranges  from  one  and  a  half  to  three  hours  in  length  but  again  when  we 
stpp  to  consider  the  place  of  this  animal  in  the  vertebrate  scale, 
we  would  expect  it  to  take  an  intermediate  position  and  that  the 
gastric  activity  would  also  be  intermediate  between  the  frog  and  the 
higher  animals,  and  this  is  evidently  the  case.  The  gastric  motor 
mechanism  of  the  turtle  shows  a  physiological  development  above 
the  state  of  a  simple,  continuous  contracting  organ  so  characteristic 
of  the  stomach  of  the  frog,  yet  it  has  not  become  sufficiently  developed 
to  be  classed  physiologically  with  the  stomachs  of  higher  animals,  and 
therefore  must  play  the  important  part  of  a  connecting  link  in  the 
gastric  motor  mechanisms  of  animals.  The  stomach  of  the  turtle 
like  that  of  the  frog  also  exhibits  the  property  of  expansion  and  dila- 
tation as  determined  by  increasing  the  pressure  in  the  balloon. 

THE  INHIBITION  OF  THE  GASTRIC  HUNGER    CONTRACTIONS  IN  THE  FROG 

AND  THE  TURTLE 

It  is  now  demonstrated  that  the  tonus  and  the  hunger  contractions 
of  the  empty  stomach  in  man  and  dog  are  temporarily  inhibited  by 
mechanical  and  chemical  stimulation  of  the  nerve  endings  in  the  mu- 
cous membrane  of  the  mouth,  in  the  esophagus,  and  in  the  gastric  mucosa 
(37).    Similar  stimulation   when   applied   to  the  intestinal  mucosa 
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also  produces  the  effect  of  gastric  inhibition  (38).  This  inhibition  is 
initiated  by  stimulation  of  nerve  endings  in  the  gastric  mucosa,  and 
not  by  mechanical  tension  or  pressure  on  the  stomach  wall.  The 
results  on  normal  frogs  compare  generally  with  those  on  man  and  dog 
already  reported  with  some  few  exceptions.  When  water,  sodium 
carbonate — 1  per  cent  solution  and  hydrochloric  acid — 0.5  per  cent 
solution  are  introduced  very  slowly  into  the  empty  stomach  of  the 
frog,  through  a  small  rubber  tube  passing  through  the  stomostomy, 
they  invariably  produce  inhibition  varying  in  degree  with  the  stimu- 
lating power  of  the  substance  introduced.  The  duration  of  the  inhibi- 
tion depends  upon  the  quantity  and  nature  of  the  material  introduced 
into  the  stomach  and  not  so  much  upon  the  degree  of  the  hunger  con- 
tractions as  in  the  case  of  the  higher  animals,  since  there  are  no  tonus 
changes  and  only  one  type  of  contraction  exhibited  by  this  animal. 
In  normal  frogs  5  to  10  cc.  water  introduced  directly  into  the  stomach 
via  tube  usually  produces  a  weakening  of  the  contractions  (fig.  S,  A) 
but  never  in  any  of  my  experiments  have  I  witnessed  complete  inhibi- 
tion of  the  gastric  movements.  The  partial  inhibition  is  seen  to  come 
on  very  gradually  as  indicated  by  a  lessening  in  the  ampUtude  of  the 
hunger  contractions  which  usually  extend  over  a  period  of  from  ten 
to  fifteen  minutes  followed  by  a  gradual  recovery  to  normal.  The 
water  so  introduced  was  at  ordinary  room  temperature  and  should 
correspond  approximately  to  the  temperature  of  the  frog's  body,  there- 
fore the  water  in  the  stomach  must  have  produced  the  temporary 
inhibition  through  a  stimulation  of  the  nerve  endings  in  the  gastric 
mucosa  either  by  mechanical  pressure  or  by  osmosis.  According  to 
this  view,  the  passage  of  the  water  out  of  the  stomach  into  the  intestine, 
or  the  addition  of  suflicient  salts  to  prevent  stimulation  by  hypotonicity 
would  mark  the  cessation  of  the  inhibition.  It  was  also  foimd  that  the 
inhibitory  action  of  cold  water  was  sUghtly  greater  than  that  of  water 
at  the  temperature  of  the  frog's  body,  but  in  order  to  bring  out  this 
phenomenon  effectively  it  was  necessary  to  use  very  cold  water,  which 
evidently  stimulated  the  protopathic  temperature  nerve  endings  in 
addition  to  those  acted  upon  by  pressure  and  osmosis.  The  results 
overbalance  any  error  that  might  be  accounted  for  by  the  cold  water 
cooling  the  air  in  the  balloon  and  thereby  temporarily  lowering  the 
tension  in  a  very  small  degree.  The  introduction  of  5  cc.  sodium  car- 
bonate, 1  per  cent  solution  directly  into  the  stomach  produces  a  more 
marked  inhibitory  effect  than  does  the  water,  the  contractions  may  be 
greatly  weakened  or  they  may  be  completely  inhibited  for  one  and  a  half 
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to  two  minutes  (fig.  3,  B).  Five  cubic  centimeters  hydrochloric  acid, 
0.5  per  cent  solution  causes  complete  inhibition  of  the  hunger  contrac- 
tions for  periods  ranging  from  seventeen  to  twenty-five  minutes  (fig.  3, 
C).  The  duration  of  the  inhibition  in  the  case  of  acids  and  alkalies 
seems  to  be  directly  proportional  to  their  concentration  and  the  total 


Fig.  3.  Records  from  the  frog's  stomach  after  fourteen  days'  fast  showing  the 
inhibitory  effects  produced  by  different  siibstances  when  introduced  into  the 
stomach.  Tracing  A:  At  X  10  cc.  water  introduced  directly  into  the  stomach. 
(The  slight  drop  in  tonus  after  X  was  due  to  bubbles  of  air  escaping  through  the 
manometer.)  Tracing  B:  At  X  5  cc.  of  1  per  cent  solution  sodium  carbonate 
introduced  directly  into  the  stomach.  Tracing  C:  At  X  5  cc.  of  0.5  per  cent 
solution  hydrochloric  acid  introduced  directly  into  the  stomach.  Water  ma- 
nometer. 
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quantity  introduced,  it  being  the  most  marked  always  in  the  case  of 
the  acid.  Tlie  cessation  of  the  inhibition  by  these  substances  prob- 
ably marks  the  passage  of  the  same  into  the  intestine  or  their  fixation 
and  neutralization.  Tlie  inhibition  of  the  gastric  contractions  in  the 
frog  varies  from  that  of  the  dog  and  man  in  that  they  are  not  immedi- 
ately produced  after  the  introduction  of  the  substance  into  the  stomach, 
but  there  is  usually  from  one  to  four  or  five  strong  contractions  before 
the  inhibition  becomes  complete.  This  would  seem  to  indicate  that 
the  gastro-reflex  apparatus  of  the  frog  had  not  reached  the  high  degree 
<^f  efficiency  found  in  the  stomachs  of  higher  animals.  The  above 
mentioned  substances  when  introduced  directly  into  the  stomach  of 
^he  turtle  via  small  rubber  tube  through  the  fistula  produced  the  same 
^neral  inhibitory  effects  as  in  the  frog. 

When  water,  alkaU  or  acid  of  the  above  concentration  and  in  amounts 
as  used  for  the  stomach  were  introduced  directly  into  the  mouth  cavity 
of  the  frog  through  a  small  rubber  tube  which  just  passed  through  the 
^mostomy  into  the  mouth  it  was  found  that  the  inhibitory  effects 
produced  were  very  sUght  and  perhaps  might  even  have  been  negative 
altogether  were  it  not  for  the  fact  that  some  of  the  solution  probably 
finds  its  way  inmiediately  to  the  stomach  and  there  may  produce 
inhibition  by  coming  in  contact  with  the  gastric  mucosa.  These 
observations  on  the  difficulty  of  inhibiting  the  hunger  movements 
'from  the  mouth  are  in  agreement  with  those  reported  by  Rogers  (39) 
for  the  rabbit  and  by  King  (40)  for  the  guinea-pig,  except  in  these  two 
animals  the  refiex  inhibitory  mechanism  of  the  stomach  from  the  mucous 
membrane  of  the  mouth  appears  to  be  entirely  absent,  since  these 
authors  have  obtained  only  negative  results.  The  above  mentioned 
substances  when  placed  into  the  mouths  of  higher  animals  (dog  and 
man)  produces  a  marked  iiihibition  of  the  gastric  himger  movements 
reflexly,  therefore  it  would  be  reasonable  to  beUeve  that  the  cerebral 
processes  are  not  as  highly  developed  in  these  animals,  the  frog  included 
as  in  the  case  of  man  and  the  dog.  It  was  impossible  to  try  any  of 
these  experiments  on  the  turtles  because  of  the  viciousness  of  these 
animals.  Reflex  or  psychic  inhibition  of  the  hunger  contractions  in 
both  the  frog  and  the  turtle  Was  obtained  by  showing  these  animals 
a  small  Uve  grass  frog  on  a  covered  glass  plate.  This  agrees  with  the 
results  obtained  from  dogs  that  the  sight  or  smell  of  food  leads  to 
temporary  inhibition  of  the  gastric  hunger  contractions.  Anything 
which  frightens,  annoys  or  angers  these  animals  also  leads  to  temporary 
inhibition  of  the  contractions. 
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« 
THE  MOVEMENTS  OF  THE  FILLED  STOMACH  AS  COMPARED  TO  THE  HUNGER 
MOVEMENTS  AND  THEIR  INHIBITION  IN  THE  FROG 

In  the  higher  animals  (dog  and  man)  there  is  a  marked  distinction 
between  the  gastric  movements  in  normal  digestion  and  the  gastric 
hunger  movements  of  the  empty  stomach.  Acids  in  concentrations 
equal  to  that  of  the  gastric  juice  when  introduced  directly  into  the 
stomach  do  not  inhibit  the  movements  of  the  stomach  in  digestion 
but  will  inhibit  the  hunger  contractions  (41).  In  the  rabbit  (39)  and 
the  guinea-pig  (40)  these  two  types  of  gastric  contractions  are  less 
sharply  dififerentiatedy  although  during  fasting  the  stomach  activities 
may  be  greatly  augmented.  In  the  case  of  the  rabbit  the  inhibitory 
action  of  acid  gives  the  same  general  results  as  for  the  higher  animals, 
with  the  exception  that  the  effect  appears  to  be  less  pronounced.  In 
the  guinea-pig,  according  to  King,  acid  placed  in  the  stomach  gives 
negative  results. 

Since  the  cannibalistic  traits  of  the  bullfrog  are  well  known  (42)  it  is 
a  very  easy  matter  to  obtain  these  animals  with  a  filled  stomach,  and 
furthermore,  if  the  animals  are  kept  in  separate  compartments,  the 
amoimt  of  food  can  be  controlled  at  any  one  feeding.  The  animal  when 
hungry  usually  captures  its  prey  (small  frog)  by  the  anterior  portion 
of  the  body  as  soon  as  it  strikes  the  water  and  swallows  it  aUve,  and  I 
have  observed  one  of  these  animals  several  times  to  devour  as  many  as 
foiu*  adult  grass  frogs  in  as  many  minutes  and  have  watched  with  intense 
interest  the  struggling  of  the  smaller  frogs  in  the  stomach  of  the  larger. 
At  times  they  would  appear  to  crawl  up  into  the  esophagus  when  it 
would  become  necessary  for  the  larger  frog  to  swallow  vigorously 
several  times  in  order  to  keep  them  down.  However,  these  animals 
are  soon  asph3rxiated  since  the  large  esophagus  is  completely  closed  by 
foldings  of  its  substance  and  therefore  effectually  prevents  any  acces- 
sion of  air  into  the  stomach.  The  frogs  for  the  experiments  were 
usually  fed  two  Hve  grass  frogs  each,  and  after  a  period  of  from  thirty 
minutes  to  one  hour  in  order  to  allow  sufficient  time  for  asph3rxiation 
the  balloon  was  introduced  into  the  stomach  and  connected  with  the 
recording  apparatus.  Records  of  the  frog  shortly  after  feeding  (fig.  4, 
A)  when  compared  with  the  normal  hunger  records  (fig.  1)  show  but 
very  httle  chsoige,  if  any,  from  the  stomach  of  the  hungry  animal,  the 
only  observable  variation  being  perhaps  a  very  sUght  increase  in  the 
rate  of  the  contractions.  This  is  in  confirmation  with  the  view  put 
forth  by  Morishima  and  Fujitani  (29)  that  the  stomach,  full  or  empty, 
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is  not  of  great  consequence  as  regards  the  regularity  and  intensity  of 
the  spontaneous  movements,  although  they  did  not  offer  sufficient 
proof  to  uphold  their  hypothesis.  These  facts  are  contradictory  to  the 
ideas  of  Hopf  (30),  who  claims  that  there  is  a  great  distinction  between 
fed  and  unfed  frogs  in  the  size  and  stabiUty  of  the  automatic  stomach 


Fig.  4.  Normal  digestive  peristalsis  of  frog's  stomach.  A,  3  hours  after 
feeding  two  small  live  grass  frogs.  B,  same  animal  10  hours  after  feeding,  food 
still  in  stomach.  At  X  10  cc.  water  introduced  directly  into  stomach  producing 
temporary  inhibition.    Water  manometer. 

movements,  and  it  is  probable  that  the  method  which  he  employed 
was  partly  at  fault  and  pathological. 

The  question  arose  in  respect  to  how  long  it  required  for  the  stomach 
to  empty  itself  after  feeding.  This  was  determined  after  feeding  the 
''jumbo"  one  small  frog  and  then  examining  from  time  to  time  the 
stomach  contents  by  inserting  a  pair  of  forceps  through  the  mouth 
and  esophagus  into  the  stomach  and  exposing  the  digesting  animal. 
I  was  also  interested  to  find  in  reviewing  the  literature  after  completing 
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the  experiments  that  this  same  method  was  used  by  John  R.  Young 
(43)  of  Maryland  in  1803  in  determining  the  rate  of  gastric  digestion  in 
the  frog  as  a  part  of  a  medical  dissertation  submitted  to  the  University 
of  Pennsylvania.  However,  after  some  experience  I  could  determine 
by  palpating  over  the  region  of  the  stomach  as  to  its  condition  and  I 
foimd  by  both  of  these  methods  that  it  required  from  forty-eight  to 
sixty-eight  hours  for  the  stomach  to  completely  empty  itself.  With 
larger  feedings  of  two,  three  and  four  small  frogs,  the  stomach  would 
evidently  require  a  longer  period  to  empty  itself.  Young  did  not 
determine  the  total  time  necessary  for  the  stomach  to  completely 
empty  itself,  he  simply  studied  the  rate  of  digestion.  In  regard  to  the 
introduction  of  water,  alkaU  or  acid  it  was  found  that  they  produced 
similar  inhibitory  effects  in  both  the  hungry  and  the  filled  stomach 
of  the  frog  (fig.  4,  B)  whereas  in  the  case  of  the  higher  animals,  these 
same  substances  inhibit  the  hunger  contractions  but  have  no  effect 
upon  the  gastric  peristalsis  with  but  one  exception,  namely,  in  the  guinea- 
pig  in  which  these  substances  have  no  effect  whatever  on  either  the 
hunger  or  the  peristaltic  movements.  This  is  a  Uttle  out  of  harmony 
with  the  results  obtained  from  other  animals  and  one  would  naturally 
expect  from  a  comparative  standpoint  that  this  animal  from  the  posi- 
tion it  occupies  in  the  animal  scale  should  possess  a  reflex  inhibitory 
mechanism  from  the  gastric  mucosa.  King  (40)  states  that  she  had 
difficulty  in  introducing  substances  directly  into  the  stomach  but  in  a 
few  instances  succeeded  in  introducing  about  I  cc.  of  the  various  sub- 
stances. Had  she  introduced  more  of  these  substances  would  she  not 
have  brought  out  the  reflex  inhibitory  mechanism  of  this  animal? 
From  the  above  results  it  would  appear  that  in  the  frog,  at  least,  we 
have  a  much  simplified  gastric  mechanism  which  through  the  processes 
of  evolution  has  in  the  higher  animals  differentiated  into  the  gastric 
digestive  peristalses  and  the  gastric  hunger  contractions,  the  latter 
of  which  perhaps  may  be  described  as  intensified  gastric  digestive  peri- 
stalses. Thus,  the  automatism  of  the  gastric  mechanism  of  the  various 
classes  of  vertebrates  apparently  stands  in  correlation  with  the  degree 
of  development  and  influence  of  the  central  nervous  system. 

THE  EFFECT  OF  PROLONGED  FASTING  ON  THE  GASTRIC  HUNGER  MOVEMENTS 

In  prolonged  fasting  the  stomach  activities  in  all  mammals  so  far 
studied  are  greatly  augmented  and  show  without  exception  marked 
tonus  variations  in  the  stomach  musculature.     In  dogs  during  pro- 
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Fig.  5.  Diagrammatic  representation  of  the  increased  amplitude  of  contraction 
on  the  base  of  the  constant  tonus  as  constructed  from  the  tracings  of  the  turtle 
on  every  fifth  day.  Each  of  the  above  squares  represents  one  sq.  cm.  The  erect 
pyramids  indicate  the  amplitude  of  the  hunger  contractions  in  centimeters 
arranged  on  the  constant  tonus  as  a  base  line.  Spaces  left  to  right  indicate 
periods  of  five  days'  fasting.  Heavy  line  at  bottom  of  chart  =  0  nmi.  pressure  of 
water  manometer.  A  to  B  ^  constant  pressure  of  2  cm.  used  throughout  the 
experimentation.  Note  the  enormous  increase  in  the  amplitude  of  the  hunger 
contractions  at  the  end  of  the  64  days'  fast. 
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longed  fasting  there  is  a  marked  increase  in  the  gastric  tonus  to  within 
a  few  hours  of  the  death  of  the  animal,  or  at  least,  imtil  that  point  is 
reached  where  the  stomach  becomes  involved  in  the  general  debihty 
and  cachexia,  and  this  increase  in  the  gastric  tonus  appears  to  be 
directly  proportional  to  the  decrease  in  the  amplitudes  of  the  himger 
contractions  (44).  In  the  turtle  there  are  only  slight  tonus  variations 
while  in  the  frog  there  are  no  tonus  variations  of  sufficient  strength 
to  be  recorded  by  my  apparatus.  There  is  no  general  increase  in  the 
gastric  tonus  in  the  turtle  in  prolonged  fasting  but  we  have  instead  a 
marked  increase  in  the  amplitudes  of  the  himger  contractions  with  no 
appreciable  increase  in  the  gastric  tonus  as  is  shown  by  the  accompanying 
chart  (fig.  5).  The  same  results  are  indicated  in  the  frog  although 
fbis  animal  was  not  subjected  to  such  long  periods  of  fasting.  These 
results  are  just  the  reverse  of  what  is  foimd  in  the  case  of  the  dog.  The 
longest  fast  on  the  turtle  covered  a  period  of  sixty-four  days,  a  little 
over  nine  weeks,  during  which  time  the  animal  took  no  food  but  had 
access  to  water  except  while  the  stomach  records  were  actually  being 
recorded.  However,  in  the  latter  part  of  this  fast  there  probably 
entered  into  the  work  to  some  extent  the  factor  of  thirst,  since  it  was 
found  advisable  not  to  change  the  animal  too  often  from  the  specially 
constructed  box  as  the  animal  at  this  stage  of  the  fast  had  become  very 
restless  and  any  disturbance  tended  to  increase  the  restlessness,  which 
made  the  record  taking  very  difficult.  At  about  the  beginning  of  the 
fifth  or  sixth  week  of  the  fast,  the  turtle  became  so  restless  and  imeasy 
that  a  good  tracing  could  hardly  be  obtained.  This  restlessness  gradu- 
ally increased  in  intensity  imtil  about  the  eighth  week,  then  gradually 
began  to  subside  imtil  the  end  of  the  fast  when  the  animal  had  become 
quite  passive  again.  This  indicates  that  the  disagreeable  himger 
pangs  in  the  turtle  probably  do  not  start  as  early  as  in  the  higher  animals 
(45)  and  that  it  also  requires  a  longer  time  to  fatigue  the  neurones  in 
the  central  nervous  system  which  have  to  do  with  the  sensation  of 
hunger.  This  is  the  result  which  we  would  rather  expect  in  this  low 
form  of  vertebrate  since  periods  of  enforced  starvation  are  not  uncom- 
mon among  wild  animals.  The  amplitudes  of  the  hunger  contractions 
gradually  increased  with  the  length  of  the  fast,  the  contractions  became 
longer  and  the  rate  slower.  The  contractions  after  a  nine  weeks' 
fast  (fig.  6)  show  an  average  duration  of  about  four  minutes  and  the 
intervals  between  the  contractions  vary  from  three  and  a  half  to  four 
minutes.  It  will  be  seen  from  the  above  that  the  length  of  the  himger 
contractions  under  these  conditions  have  been  increased  from  two  to 
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four  times.  It  is  also  of  interest  to  note  of  the  ease  with  which  these 
enormous  hunger  contractions  are  inhibited  by  forced  respiratory- 
movements  even  at  the  time  of  the  onset  of  one  of  these  very  strong 
contractions  as  in  (fig.  6,  B).  These  respiratory  movements  or  sighs 
are  also  exaggerated  in  prolonged  fasting  and  during  each  the  animal 
usually  gives  a  hissing  sound. 

THE  INFLUENCE  OP  TEMPERATURE  ON  THE  GASTRIC  HUNGER  ACnvrTY, 
SEASONAL  VARIATIONS  AND  HIBERNATION 

The  data  collected  under  this  head  indicates  that  the  e£fects  of 
temperature  on  the  gastric  himger  mechanism  of  the  frog  must  be 


Fig.  6.  Hunger  contractions  of  the  turtle's  stomach  after  9  weeks'  fast.  A, 
normal  contraction.  B,  inhibition  of  the  very  strong  hunger  contraction  by  the 
respiratory  movement,  D,  with  recovery  through  C.  E  ^  time  in  30  second 
intervals.    Water  manometer. 

considered  under  two  heads:  First,  the  accelerating  action  of  increased 
temperature  on  the  chemical  processes  involved;  and  second,  the  inhibi- 
tive  or  retarding  action  of  very  high  or  very  low  temperatures.  Biologic 
phenomena  are  imdoubtedly  largely  the  result  of  chemical  reactions 
going  on  within  the  Uving  substance,  and  consequently  we  would  expect 
that  the  well-known  rule  of  van't  Hoff  and  Arrhenius  concerning  the 
velocity  of  chemical  reactions  in  relation  to  temperature,  should  apply, 
that  is,  for  each  increase  of  10°C.  in  temperature  the  velocity  of  a 
reaction  is  doubled  or  trebled.    Thus,  the  above  rule  within  certain 
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liinits  has  been  verified  by  Riddle  (46)  on  the  process  of  digestion  in 
cold-blooded  vertebrates,  by  Rogers  (47)  and  Galeotti  and  Kccinini  (48) 
on  the  rate  of  the  heart  beat  for  vertebrates  and  invertebrates,  by  De 
Bonis  and  Midulla  (49)  for  the  movements  of  the  frog's  stomach  by  the 
stomach  ring  method,  and  for  many  other  physiological  activities. 

Tables  1  and  2  show  the  results  obtained  from  the  experiments  with 
the  nimiber  of  contractions  executed  in  the  unit  of  time.  The  tempera- 
ture coefficients  are  obtained  as  the  quotients  resulting  from  the  formula 

Rate  at  Tn 


Rate  at  r  X  r^ 


Tn  being  the  higher  temperature,  T  the  lower  temperature,  and  z  the 
difference  between  these  two. 
This  is  the  formula  used  by  Riddle. 


TABLE  1 
Raising  the  tempercUure 


NVMBKR  or  CONTRACnOMS  PSR  12  MINUTS 
IKTKBVALS— BOOM  TKlfPraATUBB 

NUMBBB  iJir  OONTBACTXONB  PBB  13  MnfUTB 
TXMPBBATUBB 

TBMPBBAT17BB 

oorppicebnib 

23.5**  =  rate  of  5 
25**      =  rate  of  6 
24.5**  =  rate  of  6 

32.5**    -  rate  of    9 
32.75**  -  rate  of  10 
32.25**  =  rate  of  10 

2.00 
2.15 
2.15 

TABLES. 
Lowering  the  temperature 

nrnamB  op  coNTRAonoNs  pbr  13  mututb 

nmBVALS— BOOM  TBMPBBATUBB 

NUMBBB  or  CONTBACnOMS  PBB  12  MDfUTB 

INTBBVAL8  APTBB  DBCBBABB  QT 

TBMPBBATUBB 

TBMPBBATUBB 
COBTPICIBiriB 

20**  -  rate  of  7 
19**  =  rate  of  4 
21**  =  rate  of  6.5 

14**  =  rate  of  5 
14**  -  rate  of  3 
14**  -  rate  of  4 

2.33 
2.66 
2.32 

An  examination  of  the  data  in  the  forgoing  tables  shows  that  the 
gastric  hunger  contractions  of  the  frog  within  certain  not  very  wide 
ranges  of  temperature  follow  the  rule  of  van't  Hoflf  and  Arrhenius, 
and  furthermore,  that  the  relation  between  the  contractions  and  the 
temperature  is  maintained  either  when  the  animal  passes  from  a  lower 
to  a  higher  temperature  or  vice  versa.    Hence,  it  may  be  concluded 
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that  the  gastric  hunger  contractions  of  the  neuro-muscular  apparatus 
is  essentially  dependent  on  chemical  processes  which  are  evolved  within 
the  stomach  muscle  itself.  In  table  2,  where  the  temperature  was 
diminished  there  appears  to  be  an  increase  in  the  value  of  the  coefficient 
as  zero  is  approached  which  is  entirely  in  harmony  with  the  observations 
of  Riddle  (46)  and  Rogers  (47).  The  observations  in  tables  1  and  2 
were  made  during  the  month  of  August,  1915,  and  three  separate 
animals  were  used  for  the  results  in  each  table  and  the  findings  here- 
with set  forth  were  verified  by  control  experiments. 

I  have  also  been  able  to  carry  through  a  sufficient  number  of  experi- 
ments to  determine  the  exact  points  at  which  high  and  low  temperatures 
absolutely  inhibit  the  gastric  himger  contractions.  The  temperatures 
at  which  the  himger  contractions  are  completely  inhibited  are  practic- 
ally constant,  for  both  high  and  low  temperatures  and  do  not  vary 
more  than  0.5**  in  either  direction  in  all  the  experiments.  The  average 
temperatures  at  which  these  contractions  are  completely  inhibited 
is  35**C.  for  the  high  temperature  and  13**C.  for  the  low  temperature. 
Lowering  the  temperature  0.5^  or  at  the  most  1^  in  the  first  case,  or 
raising  the  temperature  0.5^  or  at  the  most  1^  in  the  latter  case  starts 
the  gastric  himger  contractions  again.  These  experiments  were  also 
performed  during  the  month  of  August,  1915.  The  intensity  of  the 
contractions  have  a  maximum  between  15^C.  and  32^C.  and  a  minimum 
at  lower  or  higher  temperatures,  that  is,  up  to  that  limit  where  gastric 
standstill  is  produced.  Raising  the  temperature  also  increases  the 
strength  of  the  contractions  as  well  as  the  rate,  but  this  effect  disappears 
sooner  than  the  effect  of  increased  rate. 

It  is  a  well-known  fact,  that  amphibians  may  be  cooled  down  to 
—  1**C.  (50)  and  that  their  limbs  may  be  frozen  in  ice  (51),  yet  if  the  heart 
is  not  frozen  these  animals  survive,  but  just  how  does  this  freezing 
temperature  affect  the  gastric  mechanism?  Two  of  the  animals  were 
subjected  to  temperatures  of  7®C.  by  means  of  the  freezing  mixture 
already  described.  The  hunger  contractions  in  a  short  time  were 
completely  inhibited  and  the  limbs  of  the  animals  froze  and  became 
stiff  and  hard  and  when  removed  later  from  the  cooling  chamber  and 
placed  on  the  table,  they  rattled  like  stones,  although  their  bodies 
were  not  completely  frozen.  Both  the  animals  appeared  lifeless  ex- 
cept for  a  very  slow  heart  beat  and  infrequent  respirations  and  their 
eyes  were  closed  as  if  asleep.  One  hour  later  at  room  temperature 
these  same  animals  were  active  and  began  to  show  feeble  gastric  con- 
tractions which  increased  in  intensity  during  the  next  twelve  hours 
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but  never  reached  the  normal.  These  observations  indicate  that  the 
gastric  mechanism  is  capable  of  movement  at  all  seasons  of  the  year 
and  even  in  hibernation  when  given  the  suitable  temperature.  If  the 
temperature  change  is  gradual,  as 
at  the  rate  of  10^  per  three  hours 
the  animal  is  not  disturbed,  but 
passes  into  a  drowsy  or  sleepy  state. 
The  seasonal  variations  as  arti- 
ficially produced  on  the  frog  have 
been  verified  on  the  turtle  diuing 
the  past  year.  Records  of  the  gas- 
tric movements  have  been  taken 
through  the  changes  in  the  seasons 
from  August,  1915,  to  May,  1916, 
inclusive.  In  all  instances  the  activ- 
ity of  the  gastric  motor  mechanism 
followed  the  climatic  changes  in 
temperature  (fig.  7).  In  the  cold- 
est days  of  winter  when  the  turtles 
showed  no  gastric  activity  or  in  only 
minor  degrees,  placing  the  animals 
in  a  tank  of  warm  water  for  half 
an  hour  would  greatly  augment  the 
gastric  movements.  However,  the 
gastric  hunger  movements  in  winter  are  never  as  vigorous  as  in  summer 
as  is  shown  by  my  series  of  experiments.  During  the  winter  the  turtles 
took  no  food  although  it  was  offered  to  them  many  times. 


Fig.  7.  Gastric  hunger  contrae- 
tions  of  the  turtle  at  different  sea- 
sons of  the  year.  A,  contractions 
on  a  moderately  cold  day  in  winter 
(January).  B,  contractions  on  a 
very  cold  day  in  winter  (January). 
Cf  contractions  two  and  one-l^f 
da3rs  after  the  break  of  winter 
(March  28),  weather  mild  and  warm. 


X-RAY   STUDIES   ON   THE   PROO's   STOMACH   AND    OBSERVATIONS    ON    THE 

EXCISED   STOMACH 

The  general  characteristics  of  the  stomach  movements  in  the  frog 
have  been  discussed.  We  have  now  to  consider  the  genesis  of  these 
movements.  Two  methods  of  investigation  were  used,  namely,  the 
X-ray  and  the  excised  stomach.  The  X-ray  method  consisted  of 
introducing  into  the  stomach  a  double  walled  balloon,  the  walls  of 
which  were  separated  by  a  thin  layer  of  bismuth  subnitrate  mixed 
with  vaseline  to  form  a  thin  paste  (52).  The  balloon  was  then  con- 
nected with  the  usual  recording  apparatus  and  the  fluctuations  of  the 
float  in  the  manometer  served  as  an  indicator  for  studying  the  different 
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phases  of  the  gastric  movements  with  the  X^-ay.  From  the  X-ray 
studies  made  on  the  frog's  stomach  by  means  of  this  bismuth  coated 
balloon,  the  gastric  himger  contractions  were  foimd  to  be  peristaltic, 
the  peristaltic  waves  originating  within  about  1  cm.  of  the  cardia  and 
then  advancing  rhythmically  over  the  entire  stomach  toward  the 
pyloric  end  increasing  in  strength  as  they  proceeded.  These  observa- 
tions on  the  peristaltic  activity  of  the  stomach  are  in  agreement  with 
the  X-ray  findings  reported  by  Cannon  (53)  in  the  dog,  cat,  rabbit, 
guinea-pig  and  rat,  and  by  Roux  and  Balthazard  (54)  in  man,  dog  and 
frog.  For  the  X-ray  observations  the  frogs  were  placed  in  the  box 
already  described  for  the  cooling  experiments  and  this  was  then  placed 
:  over  the  tube  generating  the  rays  which  was  properly  protected.  Thus 
by  looking  through  a  fluoroscope  the  gastric  hunger  peristalsis  could 
be  watched  with  the  X-rays.  A  series  of  X-ray  photographs  was 
taken  of  the  balloon  in  the  frog's  stomach  during  the  periods  of  rest 
and  at  varying  intervals  during  the  period  of  gastric  hunger  contraction, 
the  special  radiographic  plate  being  inclosed  in  the  red  envelope  and 
carefully  placed  on  the  frog's  back  (figs.  8  and  9).  In  every  case  the 
contraction  and  the  relaxation  of  the  stomach  corresponded  precisely 
with  the  graphic  record  (fig.  1). 

The  studies  on  the  excised  stomach  showed  the  same  general  phe- 
nomena as  presented  by  the  X-ray  observations  above.  The  stomach 
was  removed  with  the  esophagus  and  the  intestine.  The  balloon  was 
introduced  into  the  stomach  and  the  esophagus  ligatured  to  the  tube 
upon  which  the  balloon  was  attached.  This  was  connected  with  the 
recording  apparatus  and  the  stomach  was  placed  in  Ringer's  solution 
at  30.5**  C.  which  was  found  to  be  a  most  favorable  temperature  for 
gastric  activity  from  the  temperatiu^  experiments  and  into  this  solu- 
tion was  led  a  slow  current  of  oxygen.  The  rate  of  the  contractions 
increased  but  the  amplitude  was  lessened  as  compared  to  the  normal 
gastric  movements  (fig.  10).  In  other  words,  the  stomach  had  lost  its 
regulatory  apparatus,  the  extrinsic  nerves  which  govern  normally  the 
rate,  size  and  strength  of  the  gastric  movements.  These  contractions 
from  the  excised  stomach  showed  an  average  duration  of  about  thirty 
seconds  with  practically  no  intervals  of  rest  between  the  individual 
contractions.  Increasing  the  preasure  in  the  balloon  does  not  necessa- 
rily raise  the  tonus,  the  stomach  simply  dilates  until  the  limit  of  ex- 
pansion is  reached.  This  confirms  the  results  on  the  living  animal 
obtained  from  the  stomach  in  situ  which  have  already  been  described. 
Dropping  the  temperature  even  a  few  degrees  reduces  the  size  of  the 
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Fig.  8  Fig.  9 

Fig.  8.  X-ray  photograph  of  the  bismuth  balloon  in  the  frog's  stomach  when 

the  graphic  record  shows  the  stomach  to  be  quiescent. 

Fig.  9.  X-ray  photograph  of  the  bismuth  balloon  in  the  frog's  stomach  at  the 

height  of  a  very  strong  hunger  contraction. 


Fig.  10.  Tracing  from  the  excised  stomach  of  the  frog  showing  a  marked 
tonus  rhythm.    Water  manometer. 
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contractions.  The  curves  show  a  distinct  tonus  rhythm  with  practi- 
cally no  changes  in  the  general  gastric  tonus.  The  stomach  also  shows 
contractions  with  an  uninflated  balloon  in  it,  as  well  as  when  it  is  com- 
pletely empty  and  collapsed,  but  the  peristaltic  contractions  are  feeble, 
due  to  the  fact  that  the  organ  is  collapsed  and  not  in  a  suitable  con- 
dition to  exhibit  the  full  strength  of  the  contractions.  The  cardia, 
however,  is  the  first  part  of  the  stomach  to  exhibit  motor  activity  and 
the  last  part  to  show  it.  The  peristaltic  waves  appear  to  originate 
at  the  upper  end  of  the  gastric  tube  at  a  tonus  ring  near  the  cardia 
which  forms  a  more  or  less  marked  depression  known  by  X-ray  workers 
as  the  ^^incisura  cardiaca"  (55),  and  from  this  point  the  waves  sweep 
over  the  stomach  toward  the  pyloric  end  as  in  the  case  described  under 
the  X-ray  observations.  The  peristalsis  observed  in  the  frog's  stomach 
does  not  always  bear  the  character  of  rapidly  running  waves,  but  in 
certain  cases  may  have  a  tonic  character  similar  to  the  tonic  contrac- 
tions forming  deep  rings,  thus  giving  the  stomach  the  form  of  an  hour- 
glass but  when  these  contractions  are  carefully  analyzed,  they  are 
found  to  be  peristaltic  throughout.  These  observations  are  in  con- 
finuation  with  those  of  Pletneflf  (56)  on  the  isolated  stomachs  of  cats 
and  pups  with  the  exception  that  the  peristaltic  waves  begin  at  the 
middle  of  the  stomach  rather  than  near  the  cardia,  but  they  are  con- 
tradictory to  the  findings  of  Dixon  (22)  and  Morishima  and  Fujitani  (29) 
who  claim  that  the  contractions  of  the  stomach  wall  follow  no  strict 
confonnable  order  and  that  the  contraction  rings  generally  show  Uttle 
tendency  to  spread,  therefore  according  to  these  authors  the  movements 
of  the  frog's  stomach  are  not  peristaltic.  However,  X-ray  observations 
by  various  investigators  have  conclusively  shown  the  movements  of 
the  stomach  to  be  peristaltic. 

THE  EFFECT  OF  DECEREBRATION  UPON  THE  GASTRIC  HUNGER  MOVE- 
MENTS OF  THE  FROG 

We  know,  particularly  through  the  researches  of  Carlson  (57)  on 
the  higher  animals  (man  and  dog)  that  the  gastric  hunger  contractions 
are  inhibited  by  psychic  stimuU  and  that  at  least  in  the  dog  they  con- 
tinue even  after  the  stomach  has  been  isolated  from  the  central  nervous 
system  by  section  of  the  vagi  and  splanchnic  nerves.  Under  these 
conditions  stimulation  of  the  gastric  mucosa  also  produces  the  char- 
acteristic reflex  inhibition  but  to  a  lesser  degree  than  normally.  It  is 
also  known  that  the  stomach  passes  into  a  permanently  hypotonic 
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condition  after  double  vagotomy  (33).  King  (40)  working  with  decere- 
brate guinea-pigs  has  reported  that  the  rate  of  the  gastric  contractions 
is  increased  although  similar  in  character  to  those  from  the  normal 
animal  and  also  that  the  stomach  becomes  hypertonic.  However,  in 
the  frog  the  gastric  hunger  contractions  are  not  affected  by  the  removal 
of  the  cerebral  hemispheres,  the  graphic  record  of  the  normal  and  the 
decerebrate  animal  remaining  prac- 
tically the  same  (fig.  11).  Since 
the  removal  of  this  organ  produces 
no  apparent  effect  on  gastric  motil- 
ity it  may  be  inferred  that  what 
controlling  influence  the  brain  ex- 
ercises over  the  stomach  of  this 
animal  comes  from  centers  in  the 
mid-brain  and  medulla  and  not  from 
those  of  the  cerebrum.  This  idea 
is  in  agreement  with  the  more  recent 
work  of  Miller  (58)  on  dogs,  who  by 
means  of  unipolar  stimulation  in 
the  floor  of  the  fourth  ventricle  has 
localized  in  the  dorsal  vagus  nucleus 
(ala  cinerea)  centers  for  cardiac  in- 
hibition and  for  movements  of  the 
stomach  and  small  intestine.  In 
the  higher  animals  cerebral  pro- 
cesses of  pleasantness  such  as  the  ap- 
pearance of  a  friend  and  unpleasant- 
ness such  as  fear,  anger,  fright,  etc., 
reflexly  inhibit  the  rate  and  tonus  of 
the  gastric  movements,  wherea^  in 
the  case  of  the  frog  similar  reflex 
inhibitory  action  on  gastric  motility 
is  only  exhibited  to  a  very  slight  de- 
gree. This  demonstrates  again  the 
simplified  gastric  mechanism  of  the  frog  and  that  the  cerebral  proc- 
esses exert  no  appreciable  influence  on  the  gastro-neuro-muscular 
apparatus.  Eight  animals  were  decerebrated  all  of  which  confiimed 
the  above  results,  even  one  in  which  the  semi-circular  canals  were  in- 
jured and  all  exhibited  the  characteristic  exaggeration  of  the  reflexes. 
In  (fig.  11,  fi)  the  contractions  do  not  appear  quite  as  high  as  in  the 


Fig.  II.  Records  from  the  stomach 
of  the  normal  and  decerebrate  frog. 
Ay  contractions  from  the  normal  stom- 
ach after  three  and  one-half  days' 
fast,  stomach  empty.  B,  contractions 
from  the  same  animal's  stomach 
twenty-one  hours  after  decerebration. 
Note  that  the  contractions  in  A  and 
B  are  practically  identical  in  rate  and 
form.    Water  manometer. 
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normal  animal,  however,  in  other  cases  they  have  been  found  to  even 
exceed  the  normal. 

SXJMBCART 

1.  The  simpler  gastric  mechanism  of  the  frog  does  not  show  the 
distinction  between  the  digestive  peristalses  and  the  himger  contractions 
present  in  the  higher  animals.  There  is  no  increase  in  gastric  tonus 
and  the  hunger  contractions  are  practically  continuous. 

2.  The  gastric  hunger  movements  of  the  turtle  show  a  periodicity, 
a  feature  present  in  the  higher  animals.  There  are  slight  increases  in 
gastric  tonus  and  two  t3rpes  of  gastric  activity  are  exhibited. 

3.  The  hunger  contractions  in  both  the  frog  and  turtle  are  inhibited 
or  weakened  by  the  introduction  into  the  stomach  of  small  quantities 
of  water,  weak  alkaU  and  acid,  but  the  inhibitory  effects  are  not  pro- 
duced as  quickly  as  in  the  higher  animals.  When  these  substances  are 
introduced  into  the  mouth  of  the  frog  the  inhibitory  effects  are  very 
sUght. 

4.  Water,  weak  alkaU  and  acid  when  introduced  into  the  filled  stom- 
ach of  the  frog  inhibit  the  digestive  peristalsis  in  the  same  degree  as 
they  inhibit  the  himger  contractions  of  the  empty  stomach.  In  the 
higher  animals  normal  digestive  peristalsis  is  not  inhibited  by  these 
substances  in  the  same  amoimts. 

5.  During  prolonged  fasting  in  both  animals  the  hunger  movements 
are  greatly  augmented  and  the  contractions  show  a  marked  increase  in 
the  ampUtude  directly  proportional  to  the  length  of  the  fast,  but  no 
increase  in  gastric  tonus.  In  the  higher  animals  like  the  dog  there  is  a 
marked  increase  in  the  gastric  tonus  in  proloi^ed  fasting,  and  this  in- 
crease is  inversely  proportional  to  the  decrease  in  the  ampUtudes  of  the 
hunger  contractions. 

6.  Within  certain  not  very  wide  ranges  of  temperature  the  hunger 
movements  of  the  frog's  stomach  fall  within  the  limits  of  van't  Hoff's 
rule. 

7.  The  hunger  contractions  of  the  frog's  stomach  are  completely 
inhibited  at  IS^^C.  for  low  temperature  and  at  SS^^C.  for  high  tem- 
perature. Raising  the  first  temperature  or  lowering  the  second  0.5**  or 
at  the  most  1^  starts  the  hunger  contractions  again. 

8.  In  both  animals  the  gastric  himger  activity  is  proportional  to  the 
climatic  changes  in  temperature  within  certain  limits  as  is  indicated 
by  van't  Hoff's  rule. 
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9.  The  gastric  hunger  movements  are  peristaltic  and  the  waves 
start  near  the  cardia  at  the  ''incisura  cardiaca." 

10.  The  stomach  of  the  decerebrate  animal  behaves  in  the  same 
manner  as  that  of  the  normal  frog. 

The  author  wishes  to  express  his  thanks  to  Prof.  A.  J.  Carlson  for  his 
kindly  interest  and  criticisms;  to  Dr.  J.  H.  Lewis  of  the  Pathological 
Department  for  assistance  in  the  X-ray  photography;  to  Mr.  C.  D. 
Billik  of  the  Rush  Medical  College  for  translating  the  article  in  Russian; 
and  to  the  Physiological  Department  of  the  University  of  Maryland  for 
material  where  some  of  the  earlier  technic  was  worked  out  on  the  frog. 
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I.  Disturbances  op  A-V  Conduction 

HENRY  LAURENS 
From  the  Oshom  Zoological  Laboratory,  Yale  University 

Received  for  publication  October  2,  I9I6 
INTRODUCTION 

In  a  former  paper  (1)  a  functional  diflferentiation  in  the  A-V  funnel 
of  the  lizard  and  turtle  was  demonstrated,  in  that  the  right  and  left 
parts  of  this  funnel  when  reduced  to  a  very  narrow  bridge  could,  either 
of  them,  conduct  the  contracting  impulse  from  the  A  to  the  V,  so  that 
there  was  coordination  between  them.  Furthermore  it  was  found  that 
if  one  of  the  parts  of  the  connection  were  alone  cut,  there  resulted 
a  severe  and  long  lasting  block,  while  if  both  were  cut  permanent  dis- 
sociation between  A  and  V  followed.  In  two  later  papers  (2  and  3) 
the  anatomical  grounds  for  this  physiological  differentiation  were  shown 
to  exist  in  a  more  intimate  connection  between  the  right  and  left  funnel 
fibers  and  those  of  the  inner  wall  of  the  ventricle  than  at  other  parts  of 
the  funnel. 

After  the  publication  of  my  first  paper  two  others  dealing  with  this 
same  general  subject  appeared.  Nakano  (4)  showed  that  the  dorsal, 
right  and  left  parts  of  the  A-V  funnel  of  the  frog  ahd  salamander  pos- 
sessed a  higher  degree  of  conductivity  than  the  remaining  parts.  And 
Mangold  and  Kato  (5),  from  an  analysis  of  the  effects  on  the  electro- 
cardiogram of  cutting  and  piercing  the  A-V  connection  in  the  fowl, 
have  traced  the  pathways  of  the  contracting  impulse,  which  begin 
in  the  "sinus  node' '  (6)  and  are  collected  at  the  level  of  the  A-V  bound- 
ary into  a  bundle,  the  principal  branch  of  which  goes  into  the  right 
ventricle  along  the  septum,  while  the  other  goes  through  the  septum  to 
the  left  and  connects  with  the  papillary  muscles.  Mangold  (7)  has 
given  a  summary  of  all  these  results. 

To  carry  on  the  investigation  of  this  problem  of  fimctional  differen- 
tiation in  the  A-V  connection  a  physiological  and  anatomical  study  of 
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this  region  in  the  alligator's  heart  has  been  undertaken,  the  results  of 
which  will  be  published  shortly. 

Wishing  to  continue  the  investigation  of  this  differentiation  in  the 
turtle  heart  it  was  necessary  to  repeat  the  earlier  experiments  that  had 
been  carried  out  on  the  heart  of  the  lizard  and  of  the  turtle  (Clemmys 
lutaria)  on  a  native  species.  Malacoclenunys  geographica  was  the 
species  used. 

EXPERIMENTAL 

The  methods  of  experimentation  can  be  briefly  described.  The 
cervical  cord  was  cut  through  and  the  brain  and  spinil  cord  destroyed. 
The  plastron  was  then  removed  as  rapidly  and  with  as  little  loss  of  blood 
as  possible  and  the  heart  laid  free  by  slitting  up  the  pericardium.  Be- 
fore and  after  opening  the  pericardium  the  frequency  of  beat  was  taken 
with  a  stop-watch.  The  heart  was  then  suspended  from  the  right 
auricle  and  the  apex  of  the  ventricle.  In  some  cases  the  heart  was  ex- 
cised, in  others  left  in  situ  and  a  record  of  the  "normal"  heart  taken 
for  frequency  of  beat  and  length  of  A-V  interval.  To  determine  the 
parts  of  the  funnel  of  greatest  conductivity  portions  of  this  were  cut 
through  with  a  pair  of  fine  scissors,  one  of  two  procedures  in  the  manner 
of  cutting  being  followed.  Either  a  series  of  small  cuts  was  made  and 
after  each  a  record  taken  to  observe  the  eflfect  of  the  cut  on  A-V  con- 
duction, and  the  cutting  thus  continued  until  an  interference  with  the 
coordination  of  A  and  V  took  place,  which  was  then  allowed  the  op- 
portunity of  recovering,  after  which  the  process  was  repeated.  Or  a 
large  portion  of  the  funnel  down  to  a  desired  narrow  bridge  of  tissue  was 
cut  through  at  once,  and  a  record  taken  to  observe  the  resultant  degree 
of  block  and  its  recovery. 

It  must  at  first  be  pointed  out  with  regard  to  the  study  of  the  A-V 
conduction  time,  etc.  that,  as  has  been  earlier  noticed  (1  and*  4),  every 
mechanical  disturbance  of  the  heart  has  some  eflfect  on  its  activity, 
which  may  express  itself  in  a  retardation  or  acceleration,  or  a  short 
standstill  of  both  A  and  V  or  of  V  alone,  extra  systoles,  group  formation, 
pulsus  alternans,  ventricular  fibrillation,  etc.,  all  of  which  are  of  short 
duration  and  are  not  to  be  regarded  as  typical  eflfects  of  the  particular 
operation.  Lewis  (8)  noted  that  once  the  pericardium  is  opened  irreg- 
ularities in  the  beat  occur  which  he  considers  due  to  changes  in  tem- 
perature and  in  the  position  of  the  animal.  Meek  and  Eyster(9)  also 
note  that  handling  the  heart  leads  to  irregularities. 
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RESULTS 

Briefly  stated,  .the  results  obtained  by  cutting  through  parts  of  the 
funnel  of  Malacoclemmys  substantiate  in  the  main  those  obtained 
with  Clemmys.  Following  the  plan  of  Nakano  (4)  attempts  were 
made  to  divide  the  ring  into  eight  parts,  but  it  was  soon  found  that  by 
this  nothing  was  to  be  gained.  Particular  attention  was  also  paid  to 
the  dorsal  portion  of  the  connection,  since  Nakano  had  foimd  that  in 
the  frog  this  was  an  important  part,  but  with  negative  results. 

The  right  and  left  parts  of  the  funnel  were  again  found  to  be  pos- 
sessed of  a  higher  degree  of  conductivity  than  the  other  parts.  But 
my  former  results  with  r^ard  to  the  consequent  marked  and  long 
lasting  block  when  the  one  or  the  other  of  these  parts  was  cut  through, 
and  Uie  permanent  dissociation  produced  when  both  were  severed 
have  not  been  obtained.  For  in  Malacoclemmys  the  broad  ventral 
and  dorsal  portions  of  the  funnel  remaining  when  the  right  and  left 
sides  are  cut  through  are  fuUy  capable  of  conducting  the  contracting 
impulse  so  that  the  ventricle,  after  longer  or  shorter  standstill,  beats 
again,  either  in  a  low  degree  of  partial  block  which  shortly  recovers,  or 
immediately  coordinated  in  a  1  : 1  rh3rthm.  In  other  words  no  part 
of  the  connection  in  Malacoclemmys  can  be  said  to  be  indispensable 
for  the  coordinated  conduction  of  the  impulse  to  the  V.  But  never- 
theless, as  in  the  heart  of  Cl^nmys,  the  right  and  left  parts  of  the. 
funnel  are  possessed  of  a  higher  degree  of  conductivity.  For  along 
either  of  them  when  all  other  parts  are  severed,  and  when  they  are 
reduced  to  a  mere  thread  of  tissue  incapable  of  being  further  narrowed, 
the  impulse  from  the  A  is  able  to  reach  the  V  and  cause  it  to  beat  co5rdi- 
nated  with  it  and  in  a  normal  1 : 1  rhythm. 

The  cutting  of  any  part  of  the  connection  increases  the  length  of 
the  A-V  interval  to  a  greater  or  less  extent,  but  with  apparently  no 
reference  to  the  portion  severed  (see  table  1).  In  contrast  to  the  rela- 
tively slight  effects  on  lengthening  the  A-V  interval  when  a  particular 
portion  or  portions  of  the  funnel  are  severed  are  those  when  all  but  a 
oertaia  small  part  is  cut  through.  Looking  over  these  examples  it  will 
be  apparent  that  in  the  heart  of  Malacoclemmys,  as  in  Clemmys,  the 
ri^t  and  left  parts  of  the  funnel  are  the  most  fimctional,  not  only 
from  the  standpoint  of  it  being  possible  to  narrow  them  down  more 
than  the  dorsal  and  ventral  portions  without  affecting  coordinated  con- 
duction or  obliterating  it  entirely,  but  also  from  the  standpoint  that 
when  narrowed  down  to  so  small  a  bridge  of  tissue  that  another  cut 
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TABLE  1 
Effects  of  cutting  parts  of  the  A-V  connection  on  the  length  of  the  A-V  interval 


I    TSM- 

NO.     {     PXB- 


PORTION  CUT 


s*l  a 


10 


11 


2 

3 

24 

25 

5 


19  6  1  10.35;  1.12 

I  10. 3&  Right  and  left,  leav-         | 

I  ing  broad  ventral  | 

and    dorsal    con-  |       I 


18 


18.2      §. 
9. 


I 


nection 1.200.( 

0.97,  18 


0^  17 


Right  and  left  deep- 


ly- 


.. 1.410.44 


18 


9.28  1.310.34]  17 

20.0  I  10.56;  0.72        '  22 

'  10.59{  Right  and  left  deep-         I 

I      ly 1.620.90  20 

22.8      8.57,  OM         24 

9 .  OOii  Right  and  left  light-  | 

j      ly 0.950.12  24 

9 .02  Right  and  left  deep- 
ly  1.030.20,  24 


22.0  :    9.45 

I  lO.OOi  Right 

22.0  I    9.25' 

9.28  Left 

22.0     10.00 

10.06  Left 

21.0      9.35 

9  40  Dorsal 

21.2  10.24 
10.28, 
10.301  All  except  left. 


Short  standstill  of  V,  fol- 
lowed by  1  : 1 


Short  standstill  of  V,  fol- 
lowed by  2  : 1,  quickly 
1  :1 


Short  standstill  of  V,  fol-     * 
lowed  by  1  : 1  * 


Short  standstill  of  V,  fol- 
lowed by  1  : 1 


0.96|  18 

.0.960.00  18 

0.89;        ,  18 

.0.940.05  17 

0.86'        I  18 

0.940.08  18 

0.79  19 

0.870.08  18 

1.04  18 

1.08  16 


I 


Partial    block,    recovery 
tol  :1 


22.0 


10.50  1.620.54,  17 

9.20  0.88]  18 

9.25  0.89        ' 

9.28  Left 0.940.05J 

9.30  All    except   narrow  I        | 

, .      bridge  on  right. . .    1 .  62,0 .  68 


I 


,  Short  partial  block,   fol 
I         lowed  by  1  : 1 
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TABLE  1— Continued 


PBR- 
ATURB 


PORTION  CUT 


18.3 


12 


20.9 


19.5 


9.20 

9.23 

to 

9.44 

9.45 


9.22 
9:26 

9.28 

to 

9.33 

10.35 
10.38 

10.42 


10.46 
10.50 


A  series  of  cuts  leav- 
ing bridge  on  dor- 
sal  


Right  and  left 
lightly 

All  remaining  ex- 
cept dorsal 

Right  and  left 
lightly 

Dorsal,  leaving 
ventral 

Ventral  bridge  nar- 
rowed  


0.95 


1.880.93 
1.93 


0.99 
1.080. 09 
1.600.72 

1.12 
1.200.08 


1.320.20' 


21 


24 
24 
24 

18 
17 
18 

18 
18 


At  9.46  irregular  dropping 
I  of  V  systoles,  ending  in 
I      dissociation 


Fibrillation  of  V,  followed 
by  1  :  1 


Standstill  of  V  for  three 
minutes,  then  4:1, 
2  : 1  and  at  10.46  1  : 1 


Permanent  block 


would  necessarily  sever  it  the  A-V  interval  is  not  lengthened  so  much 
on  the  average  as  when  the  dorsal  or  ventral  portion  of  the  funnel 
alone  remains. 

It  is  clear  that  whether  and  to  what  degree  a  retardation  of  the 
A-V  interval  will  take  place  depends  not  merely  upon  general  injury, 
such  as  the  length  of  the  experiment  and  the  number  and  extent  of  the 
cuts  made,  but  also  upon  the  importance  for  A-V  impulse  conduction 
of  the  part  injured.  The  width  of  the  bridge  of  tissue  is  less  impor- 
tant for  coordinated  conduction  than  the  part  that  has  been  left.  There 
is  an  independence  also  between  the  ability  to  conduct  and  the  velocity 
of  conduction.  For  whenever  a  partial  block  has  been  produced 
which  later  disappears  the  A-V  interval  is  longer  than  it  was  before 
the  block  occurred. 


Digitized  by 


Google 


94  HENBY   LAURBNS 

Gaskell  (10)  from  a  few  experiments,  which  were  far  from  complete 
or  conclusive,  on  cutting  away  various  parts  of  the  A-V  connection, 
stated  that  the  right  ventral  portion  of  the  connection  just  under  the 
aorta  ("the  upper  portion  of  the  right  ring")  was  the  most  important 
part  in  the  conduction  of  the  contracting  impulse  from  A  to  V.  (Al- 
though there  is  no  connection  here  between  the  musculatiu'e  of  the  A 
and  V^  since  the  funnel  musculature  goes,  over  into  that  of  the  bulbus 
(2  and  3) ).  Meek  and  Eyster  (9)  have  foimd  that  the  impulse  in  go- 
ing from  the  A  to  the  V  reaches  the  various  parts  of  the  ring  in  the  fol- 
lowing order:  anterior  part,  left  part,  right  part.  They  call  attention 
to  the  similarity  between  their  results  and  those  of  Gaskell,  and  also 
believe  that  they  have  substantiated  the  old  belief  that  the  contract- 
ing impulse  is  of  the  nature  of  a  wave  which  sweeps  over  the  sinus  and 
aiu'icles  and  spreads  downward  from  the  circular  fibers  of  the  A-V 
ring  over  the  V  to  terminate  at  the  apex.  Negativity  in  the  basal 
portions  coming  first  is  supposed  to  be  largely  determined  by  proximity 
to  the  ring,  although  they  do  not  exclude  the  possibility  of  there  -be- 
ing certain  pathways  along  which  the  wave  may  pass  more  directly 
or  with  greater  ease,  as  shown  by  their  results  on  the  earlier  negativity 
of  the  left  part. 

Somewhat  opposed  to  these  results  are  those  of  Lewis  (8)  obtained 
with  the  heart  of  Testudo  graeca.  According  to  him  the  distribution 
of  the  excitation  process  over  the  ventral  surface  of  the  V  is  that,  as 
a  rule,  the  base  and  central  region,  or  the  central,  is  earliest  and  the 
apex  the  latest.  Sometimes  he  obtained  a  high  reading  from  the  re- 
gion of  the  base  in  the  neighborhood  of  the  truncus  arteriosus  and  some- 
times the  right  margin  was  foimd  to  be  activated  at  a  later  time  than 
ibe  left.  The  lateral  and  posterior  surfaces  of  the  heart  showed  the 
same  distribution.  From  a  comparison  of  readings  taken  from  the 
inner  siu*face  of  the  V  and  compared  with  those  from  the  outer,  Lewis 
comes  to  the  conclusion  that  there  is  in  the  V  no  special  tissue  which 
conducts  more  rapidly  than  the  siu*face  muscle  fiber,  as  he  found  also 
to  be  the  case  in  the  heart  of  the  toad.  It  is  interesting  to  note  that 
he  obtained,  table  4,  p.  233,  in  the  toad  the  earUest  internal  reading 
near  the  ring  in  front  at  the  left  auricular  border,  and  that  cm  p.  243 
he  makes  the  statement  that  the  earliest  internal  reading?  are  taken 
from  the  portion  of  the  Uning  which  borders  the  A-V  ring,  though  he 
does  not  state  just  what  part  of  the  ring  is  the  earliest.  It  remains  to 
consider  Lewis'  idea  of  the  manner  in  which  the  impulse  from  the 
auricles  is  conmiunicated  to  the  V  (see  his  fig.  6,  p.  236).    He  r^^ards 
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it  not  as  in  ihe  nature  of  a  simple  surface  spread,  but,  as  in  the  V  of  the 
dog,  a  distribution  from  within  outwards  from  ibe  ring  to  the  surface 
through  the  wall  of  the  heart.  "The  musculature  of  the  A  and  V 
do  not  meet  at  the  surface  of  the  A-V  line  but  the  ring  is  prolonged  as 
a  tube  for  some  distance  into  the  V;  passing  downwards  it  meets  and 
fuses  with  the  processes  of  muscle  which  radiate  towards  the  central 
surface  zone  and  apex  of  the  heart.  The  trabeculae  first  carry  the 
excitation  to  the  central  surface  zone  of  the  heart.  Later  the  wave 
courses  farther  toward  the  apex  and  at  the  same  time  moimts  to  the 
base." 

The  results  of  these  investigators  are  given  to  point  out  the  want  of 
agreement  which  exists  between  them,  and  how  they  both  differ  from 
what  has  been  found  by  the  method  of  severing  potions  of  the  A-V 
funnel.  Perhaps  a  word  more  may  be  added  regarding  the  arrangement 
of  the  fibers  of  the  funnel.  In  the  first  place  the  physiological  differ- 
entiation in  the  right  and  left  portions  of  the  funnel  has  been  explained, 
(2  and  3),  by  the  closer  connection  here.  On  the  other  hand  the  ven- 
tral and  dorsal  parts  of  ibe  funnel  are  the  first  to  come  into  union  with 
the  fibers  of  the  ventricle  and  we  might  therefore  expect  these  portions 
of  the  ventricle  to  become  negative  earher.  But  Lewis  ^ds  that  the 
same  thing  occurs  on  the  lateral  surface  of  the  ventricle,  so  that  it  may 
be  said  that  the  places  of  earUest  negativity  are  where  the  funnel  mus- 
culature fuses  with  that  of  the  ventricle.  From  Lewis'  diagram  and 
tables  it  can  be  seen  that  the  heart  of  the  tortoise  differs  from  that 
of  ibe  toad  in  that  the  excitation  wave  reaches  the  basal  portion  of  the 
surface  of  the  heart  of  the  tortoise  before  it  reaches  the  apex,  while 
the  surface  basal  muscle  of  the  toad  heart  is  the  last  to  be  activated. 
This  is  in  all  probability  due  to  the  reason  which  Lewis  (p.  246)  gives 
for  this  chief  difference  between  the  distribution  of  the  excitation  proc- 
ess in  ihe  toad's  heart  and  in  the  tortoise  heart,  namely,  that  in  the 
tortoise  ventricle  the  fusion  of  the  ring  musculature  with  the  ventric- 
ular waU  takes  place  at  a  level  relatively  nearer  to  the  base  than  in 
the  toad's  heart. 

It  would  be  completing  a  detail  of  this  phase  of  the  problem  of  A-V 
conduction  to  study  tracings  of  the  passage  of  the  wave  of  negativity 
before  and  after  cuts  of  the  kind  above  described  were  made.  This 
wpuld  undoubtedly  bring  out  more  clearly  the  effects  of  the  severing 
of  this  or  that  part  of  the  funnel  and  the  effects  on  the  velocity  of  con- 
duction between  A  and  V. 
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DISTURBANCES  OF  A-V  CONDUCTION 

The  disturbances  of  A-V  conduction  which  are  brought  about  by 
means  of  cutting  the  connection  are  of  considerable  general  interest. 

As  earUer  stated  with  every  cut  made  through  a  part  of  the  A-V 
funnel  there  is,  as  a  rule,  an  increase  in  the  length  of  the  A-V  interval, 
without  necessarily  producing  a  condition  of  block  (see  table  2).  This 
increase  either  becomes  spontaneously  greater  or  remains  constant, 
and  even  in  a  few  cases  with  the  improvement  in  conduction  decreases. 

LENGTHENING   OF  A-V   INTERVAL  LEADING  TO  PARTIAL  BLOCK 

Of  much  greater  interest  than  the  mere  slowing  of  conduction  be- 
tween A  and  V  are  those  cases  in  which  the  retardation  leads  to  the 
production  of  block  (partial).  The  various  degrees  of  such  disturb- 
ances can  be  observed  with  great  clearness  in  the  turtle  heart.  A  short 
description  accompanied  by  curves  and  tables  will  now  be  given  of 
them. 


Fig.  1.  Partial  block  characterized  by  gradual  increase  in  length  of  A-V 
interval. 

As  is  well  known  one  of  the  types  of  partial  block  is  characterized 
by  a  gradual  increase,  with  every  heart  cycle,  of  the  A-V  interval  until 
a  contraction  of  the  V  is  missed  (11  and  12).  During  the  pause  the 
V,  or  the  connecting  system,  recovers  and  the  next  cycle  has  a  shorter 
A-V  interval,  which  with  every  succe^ive  cycle  again  increases  until 
another  V  systole  is  missed  and  thus  the  process  is  repeated.  In  figure 
1  an  example  of  such  a  type  of  block  is  shown  and  its  final  recovery  to 
a  normal  1  : 1  rhythm.  The  lengths  of  the  A-V  intervals  are  given 
in  table  3  under  No.  18  a.     It  will  be  observed  that  at  the  end  where 
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Effects  of  continued  cutting  of  the  A-V  connection  on 

the  length  of  the  A-V  interval 

LENGTH 

NO. 

Tun 

PORTION  CUT 

or  A-V 

INTBII- 
TAL 

rRK- 

QUSNCT 

REMARKa 

3 

9.20 

0.88 

18 

9.25 

0.89 

17 

9.28 

Dorsal    ligament    and 

small  cut  on  left 

0.94 

17 

9.30 

All  except  a  bridge  on 

right 

1.62 

17 

9.40 

1.60 

16 

9.50 

Right  bridge  narrowed 

1.71 

16 

Rhythm  «  2  : 1 

9.53 

2.09 

16 

Rhythm  «  1  : 1 

9.58 

Right  bridge  narrowed 

16 

Standstill  of  V  for  2  min- 
utes, followed  by  3:1, 
recovery  to  2  : 1 

10.26 

1.77 

15 

Rhythm  =  2:1 

11.20 

1.79 

12 

Rhythm  =  1:1 

6 

9.20 

0.95 

21 

9.23 

Right 

1.06 

22 

9.25 

Left 

1.31 

21 

9.29 

Right   and   left   more 

deeply  on  dorsal 

1.51 

20 

9.35 
9.41 

Ventral 

1.74 
1.76 

20 
20 

Septum 

9.44 

Dorsal    slightly    nar- 

9.45 

rowed 

1.88 
1.93 

20 
20 

9.46 

20 

Block,  and  finally  dissocia- 
tion 

8 

9.20 

0.97 

18 

9.26 

Right  and  left  deeply. . 

1.41 

18 

Short  standstill  of  V,  2:1 
rhythm  of  short  dura- 
tion, 1  : 1 

9.28 

1.31 

17 

9.30 

Ventral     entirely 

through 

1.71 

16 

9.34 

1.60 

16 

9.38 

Dorsal    slightly    from 

right 

1.71 

16 

9.44 

Dorsal    slightly    from 

right 

1.62 

15 

Rhythm  =  2:1 

9.45 

1.91 

15 

Rhythm  =  1:1 

9.50 

1.71 

15 

10.09 

1.77 

15 

10.11 

Dorsal  narrowed  from 

left 

15 

Standstill  of  V,  later  an  in- 

dependent V  rhythm 
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TABLE  a— Continued 


LBNOIB 

NO. 

mcB 

ponnoN  CDT 

ofA-V 
Dmn- 

TAL 

QUWrCT 

BBMABKt 

10 

10.66 

0.72 

22 

10.59 

Right  and  left  deeply 

1.62 

20 

Short  standstill  of  V,  fol- 
lowed by  1  : 1 

11.03 

Dorsal 

1.39 

21 

Rhythm  -  4: 1 
Rhythm  =  2: 1 

11.06 

1.39 

22 

11.07 

1.85 

22 

Rhythm  =  1:1 

11.15 

1.59 

22 

Rhythm  =  1:1 

11.18 

Ventral  narrowed 

22 

V  is  still 

11 

8.57 

0.83 

24 

9.00 

Right  and  left  lightly 

0.96 

24 

9.02 

Right  and  left  deeper 

1.03 

24 

Short  standstill  of  V,  fol- 
lowed by  1:1 

9.04 

Porsal     and     ventral 

from  left 

24 

Dissociation 

9.07 

1.48 

24 

Rhythm  =  1:1 

12 

9.22 

0.99 

24 

9.26 

Rjght  and  left  lightly. . 

1.08 

24 

9.28 

Right  and  left  deeper. . 

1.36 

24 

9.32 

Ventral 

24 

Fibrillation  of  \ .  followed 

by   1  : 1   after  a  single 

large  V. 

9.33 

1.60 

24 

the  block  disappears  the  A-V  interval  has  a  length  almost  equal  to  that 
after  which  the  V  systole  was  in  the  habit  of  falling  out.  In  all  figures 
the  upper  tracing  is  of  the  contractions  of  the  right  auricle,  the  middle 
those  'of  the  ventricle.     The  bottom  Une  is  time  in  seconds. 

Figure  2  illustrates  the  influence  of  A  rate  and  irregularities  in  A 
beat  in  the  formation  of  this  type  of  block.     A  block  between  A  and 

V  had  been  caused  at  9.54  by  cutting  through  a  part  of  the  funnel. 
The  remaining  fimnel  fibers  gradually  recovered  from  the  injury,  the 

V  beginning  by  giving  single,  isolated  contractions  at  9.55,  and  at  9.57 
suddenly  beginning  to  beat  in  a  4  : 1  rhjiihm.  At  9.59  this  became 
2  : 1  and  continued  regularly  so  until  10.04  at  which  time  the  record 
shown  was  taken.  The  A  and  V  are  for  the  most  part  beating  in  a 
2  : 1  ratio,  but  occasionally,  for  several  successive  contractions,  the 
rhythm  is  1  : 1.  When  the  lengths  of  the  A-V  intervals  are  measured 
(see  table  4)  under  10.04  it  is  seen  that  they  are  of  a  constant  value, 
0.86  seconds  (0.8  second  has  been  added  since  the  A  lever  is  that  much 
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TABLE  3 
Lengths  of  A-V  interval  in  cases  of  partial  block. 


Note  the  increase  in  length  of 
interval  when  the  rhythm  becomes  1  : 1 


NO. 

18  a 

NO.  10 

NO.  11 

NO.  20 

NO.  18  B 

NO.  4 

NO.  14 

A« 

A-V 

As 

A-V 

A« 

A-V 

A. 

A-V 

As 

A-V 

A. 

A-V 

As 

A-V 

1 

1.68 

1 

1.31 

1 

1.39 

1 

1.46 

1 

1.79 

1 

1.45 

1 

0.99 

2 

1.84 

2 

2 

2 

2 

2.02 

2 

2 

3 

2.01 

3 

1.31 

3. 

1  39 

3 

1.46 

3 

3 

1.45 

3 

0.99 

4 

4 

4 

4 

4 

1.79 

4 

4 

5 

1.68 

5 

1.31 

5 

1.39 

5 

1.46 

5 

2.02 

5 

1.08 

5 

0.99 

6 

1.90 

6 

6 

6 

6 

6 

6 

1.20 

7 

1.96 

7 

1.31 

7 

1.39 

7 

1.46 

7 

1.79 

7 

1.22 

7 

8 

8 

1.86 

8 

1.46 

8 

8 

2.02 

8 

1.43 

8 

0.99 

9 

1.62 

9 

1.62 

9 

1.51 

9 

1.46 

9 

2.02 

9 

1.51 

9 

1.04 

10 

1.79 

10 

1.40 

10 

1.40 

10 

1.86 

10 

10 

1.62 

10 

1.12 

11 

1.96 

11 

1.40 

11 

1.40 

11 

1.84 

11 

11 

1.22 

12 

2.12 

12 

1.40 

12 

1.39 

12 

1.80 

12 

1.36 

12 

1.28 

13 

13 

1.77 

13 

1.43 

13 

1.28 

14 

1.68 

14 

1.77 

14 

1.48 

14 

15 

1.84 

15 

1.68 

15 

1.52 

15 

1.04 

16 

1.96 

16 

1.74 

16 

1.48 

16 

1.16 

17 

2.12 

17 

1.68 

17 

1.52 

17 

1.28 

18 

18 

1.68 

18 

1.28 

19 

1.74 

19 

1.71 

19 

1.16 

20 

1.96 

20 

1.68 

20 

1.16 

21 

1.96 

21 

1.71 

21 

1.16 

22 

1.96 

22 

1.68 

23 

1.96 

23 

1.71 

24 

1.96 

24 
25 
26 
27 

1.68 
1.65 
1.60 
1.60 

• 

Fig.  2,  Influence  of  A  rate  on  partial  block. 
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TABLE  4 
InfliAence  of  A  rate  on  formation  of  partial  block  (cf,  figs,  t,  5  and  4) 


10.04 

10.10 

10.22 

Ab 

A-V 

A-A 

A« 

A-V 

A-A 

A. 

A-V 

A-A 

1 

0.79 

2.08 

1 

0.97 

2.43 

1 

1.16 

2.49 

2 

2.38 

2 

0.97 

2.43 

2 

1.16 

2.66 

3 

0.86 

2.52 

3 

0.97 

2.35 

3 

1.08 

2.99 

4 

0.86 

2.30 

4 

2.43 

4 

1.16 

2.82 

5 

'  . 

2.38 

5 

0.97 

2.27 

5 

1.08 

2.66 

6 

0.86 

2.30 

6 

2.27 

6 

1.16 

2.57 

7 

2.38 

7 

0.97 

2.43 

7 

1.02 

2.49 

8 

0.86 

2.38 

8 

2.35 

8 

1.08 

2.49 

9 

2.38 

9 

0  97 

2.35 

9 

1.16 

2.57 

10 

0.86 

2.16 

10 

2.43 

10 

1.16 

2.91 

11 

2.30 

11 

0.97 

2.99 

11 

1.02 

2.91 

12 

*0.86 

2.16 

12 

0.97 

2.75 

12 

1.02 

2.66 

13: 

2.23 

13 

0.97 

2.59 

13 

1.02 

2.49 

14 

0.86 

2.16 

14 

0.97 

2.43 

14 

1.02 

2.41 

16 

2.16 

15 

0.97 

2.51 

15 

1.02 

2.41 

16 

0.86 

2.16 

16 

0.97 

2.51 

16 

1.02 

2.91 

17 

17 

0.97 

2.48 

17 

1.02 

2.99 

2.23 

18 

0.97 

2.43 

18 

1.02 

2.74 

18 

0.86 

2.16 

19 

2.43 

19 

1.02 

2.49 

19 

2.16 

20 

0.90 

2.43 

20 

1.02 

2.49 

20 

0.86 

2.66 

21 

0.97 

2.51 

21 

1.02 

2.46 
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101. 


10.04 

10.10 

10.22 

As 

A-V 

A-A 

As 

A-V 

A-A 

A. 

A-V 

A-A 

21 

0.86 

2.66 

22 

0.95 

2.43 

22 

1.02 

2.41 

22 

0.86 

2.62 

23 

2.43 

23 

1.02 

2.99 

23 

0.86 

2.38 

24 

0.90 

2.61 

24 

1.02 

2.66 

24 

2.30 

25 

0.95 

2.43 

25 

1.02 

25 

0.86 

2.23 

26 

2.43 

26 

2.30 

27 

0.90 

3.08 

27 

0.86 

2.16 

28 

0.96 

3.08 

28 

29 
30 

0.95 
0.95 

2.59 
2.67 

37 

0.86 

2.08 

31 

0.95 

2.69 

'  38 

2.16 

32 

0.95 

2  59 

39 

0.86 

2.66 

33 

0.95 

40 

2.52 

41 

0.86 

2.38 

42 

2.38 

43 

2.30 

44 

too  far  to  the  right).  The  A-A  interval  is,  however,  variable  and  shows 
a  gradual  decrease  in  length  after  A  pauses  which  occur  more  or  less 
r^ularly.  These  A  pauses,  or  sudden  lengthenings  of  the  A-A  inter- 
val allow  the  A-V  connection  (or  the  V)  time  to  recover  between  the 
A  systoles  so  that  the  impulse  reaches  the  V.  Perhaps  too  the  strength 
of  the  A  impulse  is  greatest  after  the  pause  and  decreases  gradually 
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.**  as  the  rate  increases.  After  the  pause  the  rate  of  beat  increases  as 
evidenced  by  the  gradual  shortening  of  the  A-A  interval  until  finally 
the  A-V  rhjiihm  becomes  2:1,  the  A-V  connection  being  able  to  con- 
duct only  every  other  impulse,  or  the  V  to  respond  to  only  every  other. 
In  figure  3  a  later  record  of  the  same  heart  is  shown  taken  at  10.10 
(see  table  4).  The  block  has.  improved  so  that  the  rh3rthm  is  for  the 
most  part  1:1.  The  A-V  interval  has  increased  somewhat  being  now 
0.97  second  and  constant  (0.7  second  has  been  added).  The  rate  of 
A  has  decreased,  being  now  about  25  per  minute.    Here  the  same  tend- 


Fig.  3.  Same  as  figure  2. 


Fig.  4.  A  further  influence  of  A  rate  on  the  character  of  V  beat. 

ency  on  the  part  of  the  rate  to  gradually  increase  is  manifest  so  that 
the  rhjiihm  either  becomes  2  : 1  or  a  V  systole  is  missed.  Again  the 
pause,  lengthening  the  A-A  interval,  lets  the  impulse  through  every 
time  and  the  rhythm  becomes  1  :  1  to  remain  so  until  the  rate  of  A  be- 
comes too  rapid. 

The  influence  of  auricular  pauses  is  still  further  shown  in  figure  4 
which  is  a  record  of  the  same  heart  taken  at  10.22  (table  4).  The  A-V 
interval  (0.7  second  added)  is  practically  constant,  showing  only  slight 
variations  which,  however,  do  not  give  evidence  of  having  any  influ- 
ence on  the  V  contractions.     The  frequency  of  A  beat  is  now  about 
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23.  Every  time  the  A  pauses,  to  beat  again  with  a  lengthened  A-A 
interval  which  gradually  decreases,  the  following  three  V  systoles  are 
larger,  after  which  the  A  rate  becoming  more  rapid  the  strength  of 
the  impulse  getting  through  the  A-V  connection  is  diminished  and 
fewer  fibers  of  the  V  are  excited  to  contract  and,  therefore,  the  V 
systole  is  not  so  vigorous. 

It  is  possible  to  obtain  all  grades  of  this  type  of  partial  block,  though 
the  most  common  cases  are  those  in  which  every  second,  third  or  fourth 
V  systole  falls  out.  Many  cases  of  the  other  type  of  partial  block  were 
also  observed  and  tracings  made  showing  the  disappearance  of  the 
disturbance  to  conduction.    Several  points  have  been  noted  which 


Fig.  5.  Recovery  of  a  4  :  1  rhythm  to  a  2  : 1. 

seem  of  interest.  In  figure  5  is  shown  an  example  of  the  transition 
ofa4:ltoa2:l  rhjiihm,  the  values  of  the  A-V  interval  being  1.33 
seconds  before  and  after  the  transition  (4.0  seconds  subtracted).  In 
figure  6  is  shown  the  final  transition  to  1: 1  (see  table  3,  No.  10,  3.6 
to  4.0  seconds  subtracted).  Note  that  the  A-V  interval  is  increased 
at  the  time  of  transition.  In  the  next  column  (No.  11)  are  given  the 
values  of  a  case  where  the  A-V  interval  though  increased  at  the  time 
of  transition  quickly  returns  to  its  previous  value.  No.  20  represents 
another  case  with  a  marked  increase  in  length  of  A-V  interval  as  the 
block  disappears.  This  at  first  decreases  and  later  develops  an  alterna- 
tion of  a  shghtly  longer  and  a  shorter  A-V  interval,  and  a  correspond- 
ing higher  and  lower  V  contraction  or  pulsus  alternans.     It  is  to  be 
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Fig.  6. 


Recovery  of  a  2  : 1  rhythm  to  a  normal 
i:  1. 


noted  in  all  that  at  the  moment  of  transition  there  is  a  greater  or  less 
increase  in  the  length  of  the  A-V  interval,  which  may  later  disappear, 
or  decrease  more  or  less. 

Sometimes  the  transition  from  a  4  : 1  rh3rthm  takes  place  to  a  3  : 1 
(instead  of  to  a  2  : 1)  which  eventually  changes  to  a  2  : 1  rhythm. 

A  characteristic  of  all 
cases  which  have  been  reg- 
istered of  a  3  :  1  rhythm 
changing  to  2  : 1  consists 
in  the  apparent  inability 
of  the  reduced  (injured) 
A-V  connection  to  allow 
the  increased  strength  of 
impulse  to  get  through 
once  and  for  all.  There 
is  always  a  retmn  for  one 
or  more  cycles  to  a  3  : 1 
ratio  after  which  the  2  : 1 
rhjiihm  is  permanently 
attained. 

Figure  7  shows  a  very  brief  instance  of  this  sort  of  thing.  The  V 
had  for  some  time  been  contracting  after  every  third  A  sjrstole.  Sud- 
denly after  A,  9,  the  V  contracted  thus  missing  but  one  A  beat  in- 
stead of  two.  After  that  it  again  missed  two  beats  and  then  followed 
r^ularly  after  every  second 
A  systole.  Sometimes  it 
takes  very  much  longer  for 
the  2  :  1  rhythm  to  be  at- 
tained and  the  alternation 
between  it  and  the  3  : 1 
rhythm  lasts  for  some  time. 
A  block  represented  by 
a  2  : 1  rh3rthm  may  change, 
in  addition  to  the  method 
illustrated  in  figure  6,  by 
passing  through  an  inter- 
vening stage,  characterized  by  the  gradual  increase  in  the  length  of 
ihe  A-V  interval  (see  fig.  8).  At  9.37  the  A  and  V  were  beating  regu- 
larly in  a  2  : 1  rh3rthm.  Unfortunately  the  drum  had  to  be  stopped 
and  before  it  was  again  started  it  was  observed  that  not  every  second 


Fig.  7.  Recovery  of  a  3  :  1  rhythm  to  a  2  :  1, 
showing  the  inability  to  make  the  change  once 
and  for  all. 
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V  systole  was  being  dropped,  but  every  third,  in  other  words  the  rhythm 
was  now  3  : 2,  as  shown  in  the  second  part  of  figure  8.  The  values 
of  the  A-V  intervals  are  given  in  table  3,  under  No.  18  b  (0.4  second 
subtracted).  This  has  become  therefore  a  typical  case  of  a  gradual 
increase  in  length  of  A-V  interval  to  a  maximum  after  which  a  V  sys- 
tole is  dropped.    The  records  in  these  two  figures  are  early  stages 


mum' 


Fig.  8.  A  stage  in  the  recovery  of  a  2  :  1  rhythm,  showing  intermediate  con- 
ditions of  3  :  2  and  4  :  3  rhythm.    Cf.  Fig.  1. 


Fig.  0.  Recovery  of  a  2  : 1  rhythm  to  a  1  : 1,  passing  through  intermediate 
tages  of  gradually  increasing  length  of  A-V  interval. 

of  the  block  iUustrated  in  figure  1  (see  table  3,  18  a).  The  ratio  of  A 
and  V  quickly  became  4:3.  At  9.40  (fig.  1)  it  is  5  : 4  and  soon  after 
this  the  block  disappeared,  and  coordination  took  its  place. 

In  No.  4  (table  3)  the  values  of  the  A-V  intervals  of  a  much  shorter 
case  are  shown,  and  in  figure  9  another  case  is  illustrated  (see  table 
3,  No.  14,  1.7  seconds  subtracted).    These  cases  are  of  particular  in- 
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terest  in  that  ibey  point  to  the  view  that  these  two  t3rpes  of  block  are 
closely  related  and  that  the  type  in  which  there  is  a  gradual  increase 
in  the  length  of  ibe  A-V  interval  is  intermediate  between  2  : 1  block 
and  coordinated  rhythm,  although  a  2  : 1  block  often  disappears 
without  passing  through  this  intervening  stage. 

The  results  of  these  experiments  are  not  entirely  in  accord  with  the 
view  expressed  by  Gaskell  to  the  effect  that  the  degree  of  block  is 
directly  proportional  to  the  thickness  of  the  connecting  bridge  left 
between  the  A  and  the  V,  and  that  by  gradually  decreasing  this,  a 
higher  degree  of  block  is  to  be  produced.  As  pointed  out  in  the  first 
portion  of  this  paper,  rather  more  emphasis  is  to  be  placed  on  the 
particular  part  of  the  connection  left,  since  some  parts  of  the  funnd 
are  more  effective  than  others  in  conducting  the  contracting  impulse. 
Partial  block  can  of  course  be  produced  in  the  way  in  which  Gaskell 
claims  but  only  within  limits.  For  if  time  is  allowed  it  is  nearly  always 
seen  that  the  remaining  bridge  is  more  functional  than  at  first  seemed 
to  be  the  case,  in  that  the  degree  of  block  decreases  and  finally  dis- 
appears, the  right  and  left  parts  of  the  connection  having  the  greatest 
capacity  for  recovery. 

VENTRICULAR  RHYTHM 

In  Clemmys  complete  block  was  always  to  be  obtained  by  severing 
the  most  important  parts  of  the  A-V  funnel,  namely,  the  right  and 
left.  In  Msdacoclemmys,  as  has  been  pointed  out  above,  this  is  not 
the  case.  But  complete  block  can  very  readily  be  obtained  in  this 
form  by  narrowing  down  the  connection  left  after  the  right  and  left 
parts  are  cut  through.  This  complete  block  may  consist  in  the  V 
becoming  quiescent  and  remaining  so  'as  long  as  it  was  observed.  Us- 
ually, however,  the  V  after  an  interval  begins  to  beat,  at  first  slowly 
and  gradually  increasing  in  rate,  but  entirely  independently  of  the  A. 
The  rate  of  the  independent  V  rhythm  has  never  been  seen  to  approach 
that  of  the  sinus  rhjiihm,  as  was  observed  in  the  heart  of  Clemmys 
and  figured  in  my  earlier  paper  on  pp.  199  ff.,  where  in  old  hearts  the 
V  sometimes  initiated  the  rhythm  of  the  heart,  and  beat  more  rapidly 
than  the  A.  (Some  of  these  figures  perhaps  represent  cases  of  very 
much  lengthened  A-V,  rather  than  V-A).  The  rhythm  producing 
power  of  the  V,  or  rather  of  the  A-V  funnel,  of  Malacoclemmys  does 
not  seem  therefore  to  be  so  highly  developed  as  in  Clemmys.  But  it 
can  institute  a  rhythm  as  was  shown  to  be  the  case  in  the  lizard  (  (1)  p. 
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168,  fig.  33),  where  after  the  connection  between  A  and  V  had  been 
completely  cut  through,  the  V  continued  to  beat  and  in  the  ratio  of 
10  contractions  to  25  of  the  A.  In  one  case  of  the  development  of  a 
funnel  rhythm  a  severe  block  was  produced  at  9.34  from  which  the 
connection  gradually  recovered  letting  through  imptdses  so  that  the 
V  gave  isolated  contractions  which  at  9.39  were  at  the  rate  of  about  1 
to  7  A  systoles.  At  10.10  and  10.20  the  connection  had  much  im- 
proved for  the  V  was  beating  once  to  every  three  A  beats  and  appar- 
ently coordinated.  But  a  cut  at  10.29  completely  severing  the  bridge 
had  no  other  effect  than  to  slightly  retard  the  V,  thus  showing  the 


Fig.  10 


Fig.  11 


Fig.  10.  Independent  A  and  V  contractions  after  the  A-V  connection  had 
been  severed. 

Fig.  11.  An  example  of  an  A-V  funnel  rhythm. 

independent  origin  of  the  V  rhythm.    Figure  10  is  a  record  of  the 
heart  beat  after  the  A-V  connection  had  been  severed. 

To  remove  the  possibility  of  this  independent  V  rhythm  being  due 
to  the  Na  in  the  Ringer  solution  with  which  the  hearts  were  moistened 
a  number  of  experiments  were  made  in  which  the  heart  was  placed  in 
a  chamber  kept  moist  by  filter  paper  saturated  with  tap-water.  The 
results  of  these  experiments  are  summarized  in  table  5.  Several  records 
were  taken  showing  the  rhythm  originated  in  the  A-V  funnel  after 
the  sinus  had  been  removed,  and  one  of  these  is  shown  in  figure  11. 
As  well  known,  Engelmann  (13)  demonstrated  a  V-A  rhythm  in  the 
frog  after  standstill  following  clamping  off  the  sinus. 
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TABLES 
Instances  of  the  development  of  independent  V  rhythm 


S 

NO. 

1 
8 

i 

D 

TXICB 

OFBBATION 

HKSULn 

52 

20.5 

22 

2.15 

First    and    second 
Stannius  ligature 

15 

5.30 

A  is  still,   1  V,  every  25-35 
seconds 

53 

18.0 

18 

10.05 

First    and    second 
Stannius  ligatiire 

17 

12.20 

A  is  still,  1  V.  every  40,  20,  35, 
20,  35,  20,  35.  19,  24,  33  etc. 
seconds 

54 

18.4 

21 

10.30 

First  Stannius  liga- 
ture 

18 

11.44 
11.46 
12,45 

V  and  A  beating  about  3  per 

min. 
1  V-A  cycle  every  30,  27,  30, 

35,  34,  etc.  seconds. 
1  V-A  cycle  every  30,  29, 29, 33 

50,  22,  24,  etc.  seconds. 

55 

19.4 

24 

11.00 

First  Stannius  liga- 
ture and  V  trim- 
med down  so  that 
only  a  small  por- 
tion surroimding 
funnel  remains 

26 

11.10 

1  cycle  every  10,  40,  27,  20,  23, 
15,  27  etc.  seconds. 

DISCUSSION 

A  functional  difiFerentiation  exists  in  the  A-V  funnel  of  Malacoclemmys 
geographica  as  in  Clemmys  lutaiia.  The  right  and  left  parts  of  the 
funnel  possess  in  a  higher  degree  than  other  parts  the  ability,  when  the 
one  or  the  other  is  the  sole  connection  between  A  and  V  and  when 
reduced  to  a  very  narrow  bridge,  of  conducting  the  A  impulse  so  that 
A-V  rhythm  is  coordinated.  The  production  of  severe  and  long  last- 
ing block  when  one  or  the  other  of  these  two  parts  is  cut  through,  and 
the  complete  dissociation  produced  when  both  are  cut  through  which 
was  obtained  with  Clemmys  and  Lacerta  have  not  been  substantiated 
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with  this  heart,  and  no  part  of  the  funnel  can  be  said  to  be  indispensable 
for  co5t*dinated  conduction. 

It  will  facilitate  the  discussion  of  the  evidence  regarding  block  given 
by  the  above  results  to  briefly  review  the  opinions  of  others  concern- 
ing this  phenomenon.  Engelmann  (14)  explains  the  type  of  partial 
block,  in  which  a  V  s3rstole  more  or  less  regularly  drops  out  after  the 
gradually  increasing  A-Y  interval  reaches  a  maximum,  by  the  effect 
of  the  V  systole  on  the  length  of  the  A-V  interval.  He  assumes  a 
summation  of  the  retarding  influence  of  the  successive  stimuU  so  that 
the  A-V  interval  becomes  larger  and  larger  up  to  a  maximum  which 
is  retained,  or  at  which  from  greater  fatigue  a  V  S3rstole  is  dropped. 
During  the  resting  period  the  conductivity  of  the  A-V  connection 
is  improved  and  the  V  contracts  after  the  next  A  systole  with  a  shorter 
interval  or  latent  period,  after  the  next  A  systole  with  a  slightly  longer 
interval  and  so  on  until  a  V  S3rstole  is  agam  dropped,  and  the  process 
thus  continued.  Later  (15)  he  concludes  that  the  gradual  increase 
of  the  latent  period  for  excitation  of  the  V  pla3rs  a  part  in  the  falling 
out  of  V  S3rstoles  which  occur  after  the  maximum  value  of  the  A-V 
interval  has  been  reached,  this  increase  in  latent  period  pointing  to  a 
decrease  iix  the  velocity  of  conduction. 

Muskens  (16)  who  observed  this  type  of  block  after  vagal  stimulation 
claims  that  it  is  due  to  blocking  of  the  wave  of  excitation  so  that  it 
does  not  reach  the  V,  and  in  poorly  nourished  hearts,  to  the  increased 
inability  of  the  V  to  conduct  after  every  V  systole. 

Bering  (17)  points  out  that  there  is  no  proof,  excluding  those  cases 
in  which  the  connecting  fibers  have  been  directly  injured,  that  the 
dropping  out  of  the  V  systoles  is  due  to  a  temporary  loss  of  conductivity 
on  the  part  of  the  A-V  connection  fibers,  but  that  the  explanation  is 
to  be  found  in  the  loss  of  irritabiUty  of  the  V,  in  the  lengthening  of 
the  refractory  period  (see  also  Straub,  18).  He  admits  however  that 
the  gradual  increase  in  the  length  of  the  A-V  interval  can  indirectly 
cause  the  dropping  out  of  a  V  systole  by  the  lengthening  of  the  refrac- 
tory period  of  the  V,  but  although  he  grants  the  possibility  in  certain 
cases  of  the  failure  of  the  A-V  connection  fibers  to  conduct  causing 
the  dropping  out  of  a  V  systole,  he  sees  nothing  to  induce  him  to  ac- 
cept the  view.  In  a  later  publication  (12)  he  refers  the  falling  out  of  a 
V  systole  after  a  gradually  increasing  A-V  interval  to  a  retardation 
in  A-V  conduction  which  takes  place  in  Tawara's  node. 

Von  Eries  (19)  considers  this  type  of  block,  occasional  cases  of  which 
he  obtained  when  the  contractions  of  the  V  were  slowed  by  cooling  it. 
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as  due  to  the  V  83rstoIe8  being  shoved  a  little  further  and  further  apart 
until  an  auricular  impulse  falls  into  the  refractory  period  of  the  pre- 
ceding V  systole,  which  results  in  a  V  S3rstole  being  missed.  After 
the  rest  the  next  V  sy&tole  follows  the  A  systole  after  a  shorter  inter- 
val and  the  process  begins  again.  The  impulses  going  from  A  to  V 
must  be  assmned  not  to  be  momentarily  concentrated  but  spread 
over  a  certain  short  period  of  time.  Furthermore  he  points  out  the 
necessity  of  assuming  in  the  heart  muscle  a  refractory  period  for  ooq- 
duction  after  a  stimulation  as  well  as  for  contraction.  It  is  interest- 
ing to  note  in  von  Kries'  curve  on  p.  488  that  the  A  systole  correspond- 
ing to  the  V  systole  which  is  missed  is  lower  than  the  other  A  83rstolefi. 
Perhaps  we  have  here  an  example  of  periodically  weakened  A  impulses. 

The  other  type  of  partial  block  is  also  thought  by  Engelmann  (15) 
to  be  due  to  a  retardation  of  conduction  by  which  he  explains  rhjrthmic 
disturbances  of  the  heart  such  as  hemisystole  and  pulsus  altemans. 
If  a  stimulus  comes  to  the  heart  muscle  at  the  moment  when  the  ability 
to  conduct  has  not  returned  to  normal,  then  a  partial  contraction  of 
the  V  musculature  will  result,  and  only  later  when  all  the  fibers  have 
regained  their  normal  abiUty  to  conduct  will  the  V  as  a  whole  take 
part  in  the  systole.  Differences  in  conductivity  are  not  claimed  to 
be  always  the  explanation  of  such  disturbances,  and  he  admits  that 
differences  in  contractihty  of  the  muscle  fibers,  temporarily  weakened 
by  contraction,  are  also  important  factors. 

Erlanger  (20)  from  experiments  on  compression  of  the  bundle  in 
the  dog  and  on  strips  of  turtle  heart  concludes  that  it  is  the  strength 
of  the  impulse  which  determines  whether  or  not  it  will,  after  having 
passed  a  partial  block,  serve  as  an  efficient  stimulus  to  the  part  beyond. 
He  found  it  impossible  to  explain  partial  block  by  assuming  an  in- 
crease in  the  refractory  period  at  the  seat  of  injury.  Furthermore, 
he  accounts  for  the  development  of  partial  or  complete  block  when 
the  auricular  rate  is  increased  in  part  by  the  diminution  in  strength 
of  the  A  impulses,  and  in  part  by  the  fact  that  more  of  the  impulses 
fall  into  the  ventricles  before  their  irritabiUty  reaches  the  level  at 
which  the  impulses  of  the  normally  beating  auricles  would  have  become 
efficient  stimuli. 

Hering  (21)  brings  into  line  with  his  explanation  of  pulsus  altemans 
this  type  of  partial  block.  Pulsus  altemans  he  considers  due  to  the 
lengthening  of  the  refractory  phase  of  the  V  fibers  which  therefore  do 
not  respond  to  the  stimulus.  The  periodic  dropping  out  of  a  V  systole 
is  to  be  explained  in  the  same  manner,  viz.,  by  a  lengthening  of  the 


Digitized  by 


Google 


DISTURBANCES  OP  A-V  CONDUCTION  IN  THE  TURTLE  111 

refractory  phase  of  conduction,  so  that  the  stimulus  does  not  reach 
the  fibers. 

And  finally  von  Kries  (22),  discussing  block  occasioned  by  narrow- 
ing the  connecting  bridge  between  A  and  V  (p.  88),  does  not  consider 
that  merely  by  this  procedure  can  conductivity  be  decreased,  and  that 
in  order  to  explain  the  retardation  in  conduction  it  is  necessary  to  as- 
sume a  functional  change  in  the  remaining  fibers  of  the  bridge,  a  view 
tentatively  stated  by  Gaskell  (see  Gaskell,  p.  66).  The  fact  that 
recovery  from  block  takes  place  under  these  conditions  makes  this 
assmnption  highly  plausible. 

From  this  brief  summary  it  is  clear  that  considering  the  strength 
of  the  initial  impulse  as  always  the  same  there  are  two  separate  and 
distinct  possible  explanations  of  partial  block.  In  the  first  the  con- 
ductivity of  the  fibers  of  the  A-V  connection  is  assmned  to  be  impaired 
on  account  of  injury  (actual  cutting,  compression  or  pathological 
conditions),  so  that  there  is  a  retardation  of  conduction  or  a  failure  to 
conduct  on  account  of  the  lengthening  of  the  refractory  period.  In 
the  second  the  cause  of  block  is  sought  in  changes  in  the  V,  in  a  de- 
crease in  irritability  or  a  lengthening  of  the  refractory  period,  so  that 
there  is  a  failure  to  contract,  or  a  failure  to  respond  to  the  impulse 
brought  to  it  from  the  A. 

Both  of  these  explanations  are  of  course  tenable,  since  it  must  be 
admitted  that  block  is  sometimes  brought  about  by  pathological  changes 
in  the  A-V  connection  and  sometimes  by  such  changes  in  the  V.  Only 
those  cases,  however,  in  which  a  modification  of  the  connection  has 
taken  place  are  to  be  considered  here.  It  seems  impossible  to  get  away 
from  the  assumption  that  in  such  cases  the  resultant  block  is  due  to 
the  injury  which  the  fibers  still  present  have  suffered,  and  that  some 
functional  change  takes  place  which  retards  the  impulse  or  blocks 
it.  Let  us  consider  first  the  type  of  block  in  which  the  V  contracts 
after  every  second,  third,  etc.,  A  systole.  The  length  of  the  A-V  inter- 
val is  increased.  The  strength  of  the  impulse  reaching  the  V  is  prob- 
ably decreased  by  the  cut,  as  Erlanger  claims  to  be  the  case  when  the 
bundle  is  compressed,  and  the  V  therefore  fails  to  be  excited  by  every 
A  impulse  because  the  irritabihty  of  the  V  does  not  recover  after  every 
contraction  rapidly  enough  for  it  to  be  excited.  But  how  is  the  strength 
of  the  impulse  decreased  if  not  by  the  injury  to  the  remaining  fibers? 
And  how  is  the  increase  in  length  of  the  A-V  interval  to  be  explained? 
According  to  Engelmann  (14  and  23)  we  might  say  that  the  A-V  inter- 
val increases  because  of  the  decreased  strength  of  stimulus,  or  that 
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the  latent  period  of  the  V  increases  for  the  same  reason.  If  the  block 
remains  stationary  or  even  becomes  greater  this  explanation  might 
be  sufficient.  But  when  the  degree  of  block  becomes  less  or  disappears, 
in  other  words  when  a  stronger  stimulus  succeeds  in  getting  through 
the  connection;  it  is  necessary  to  admit  that  the  fibers  of  this  connec- 
tion have  recovered  in  order  to  make  this  possible.  Take  a  case  of 
4  : 1  block  as  it  improves.  When  the  reduction  in  the  degree  of  block 
takes  place  directly  toa2:l,  ortoa3:l  and  finally  to  a  2  : 1  rh3rthm 
we  n^te  that  the  length  of  the  A-V  interval  does  not  change  or  if  it 
does  it  decreases  sUghtly  (see  table  3).  But  when  the  block  disappears 
and  the  A  and  V  beat  1  : 1,  it  is  almost  invariably  the  case  that  the 
A-V  interval  is  markedly  increased  at  the  time  the  transition  is  made. 
This  increase  in  length  of  the  A-V  interval  may  quickly  disappear 
or  it  may  decrease  to  a  greater  or  less  extent  but  it  usually  remains 
considerably  greater  than  when  the  beat  was  2  : 1  (see  table  3).  The 
explanation  of  the  improvement  in  A-V  rhjrthm  is  that  the  conductivity 
of  the  connection  fibers  suddenly  improves  by  recovery  of  the  fibers 
from  injury  so  that  a  stronger  impulse  gets  through  more  often,  or 
every  time.  Why  the  A-V  interval  is  lengthened  when  the  rhjrthm 
becomes  1  : 1  is  possible  of  two  explanations.  A  lengthening  of  the 
refractory  period  of  the  V  so  that  it  takes  longer  to  contract  or  to  be 
excited,  or  an  increase  in  the  refractory  period  of  the  fibers  of  the  A-V 
connection.  The  second  of  these  explanations  is  to  me  preferable. 
The  impulse  now  getting  through  is  presumably  still  weaker  than  it 
would  have  been  if  the  cuts  had  not  been  made,  and  the  fibers  of  the 
remaining  bridge  are  still  somewhat  under  the  influence  of  injury.  They 
cannot,  therefore,  conduct  the  impulse  every  time  so  rapidly,  as  they 
can  every  other  time,  the  pause  giving  them  an  opportunity  to  recup- 
erate their  conductivity.  The  occurrence  in  many  cases  of  a  slight 
ventricular  pulsus  alternans  just  after  the  beat  has  become  1  : 1  is  of 
interest  in  this  connection.  This  again  might  be  interpreted  as  evi- 
dence simply  of  a  partial  asystole,  some  of  the  fibers  of  the  V  not  hav- 
ing returned  to  their  full  irritabiUty,  thus  resulting  in  alternate  V 
s3rstoles  being  not  so  vigorous.  But  in  many  cases  it  is  found  that  the 
A-V  interval  preceding  the  lower  V  systole  is  sUghtly  shorter.  This 
indicates  that  the  A  impulse  gets  through  more  quickly,  and  falls 
into  the  V  at  a  time  when  some,  or  all  of  its  fibers,  have  not  regained 
their  full  irritabiUty,  and  the  following  V  S3rstole  is  therefore  lower. 
Next  time  the  impulse,  owing  to  fatigue  of  the  connection  fibers,  takes 
longer  to  get  through  to  the  V.    Its  fibers  are,  therefore,  more  irritable 
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and  the  following  83r8tole  is  larger.  (No  claim  is  made  that  all  cases 
of  pulsus  alternans  are  to  be  explained  in  this  way.)  This  condition 
of  pulsus  alternans  continues  until,  owing  to  the  increased  improvement 
in  the  connection  fibers,  every  impulse  is  able  to  get  through  at  maxi- 
mum speed  and  at  maximum  strength. 

Now  as  to  the  other  tjrpe  of  block  in  which  the  A-V  interval  gradually 
increases  until  a  V  systole  drops  out,  after  which  the  same  thing  is 
repeated.  Here  again  the  strength  of  impulse  reaching  the  V  is  de- 
creased, and  the  length  of  the  A-V  interval  is  increased  in  that  the 
impulse  travels  more  slowly  due  to  the  injury  suffered  by  the  fibers  of 
the  remaining  connection.  The  general  increase  in  length  of  the  A-V 
interval  from  cycle  to  cycle  is  due  to  the  gradually  increased  refractori- 
ness of  the  connection  fibers.  Finally  a  V  systole  is  dropped^  This 
must  be  considered  as  due  to  the  fact  that  the  impulse  does  not  get 
through  and  not  that  the  impulse  getting  through  is  sub-minimal  to 
the  V,  or  that  it  falls  into,  or  too  near  to,  the  lengthened  refractory 
period  of  the  V.  After  the  pause  the  connection  fibers  recover  their 
irritability  and  conductivity,  and  the  first  impulse  gets  through  more 
quickly,  the  A-V  interval  is  shorter.  The  V  systole  is  of  course  more 
vigorous  owing  to  the  pause.  The  second  impulse  comes  to  the  fibers 
of  the  bridge  and  finds  them  in  a  state  of  lowered  excitabiUty  and 
conductivity  owing  to  the  passage  of  the  previous  impulse  and  this 
second  impulse  is  weakened  in  turn  and  slowed,  and  the  A-V  interval 
is  therefot^  still  longer,  and  so  on  until  the  impulse  is  completely  blocked 
and  fails  to  get  through. 

In  some  cases  the  last  V  systole  before  a  beat  is  missed  is  more  vig- 
orous than  the  preceding  ones  (see  (1)  fig.  49,  p.  187).  If  the  drop- 
ping out  were  due  to  the  A  impulse  falling  nearer  and  nearer  into  the 
lengthened  refractory  period  of  the  V  this  could  not  possibly  be  the 
case;  but  if  it  is  due  to  a  slowing  up  and  a  weakening  in  the  A-V 
connection,  then  the  V  would  have  a  chance,  waiting  for  the  impulse 
to  reach  it,  to  recover  in  greater  measure  its  irritability,  so  that  the 
systole  following  is  more  vigorous.  The  failure  of  the  next  V  S3rstole 
to  materialize  is  then  plainly  due  to  the  failure  of  the  impulse  to  get 
through  to  the  V. 

Quite  often  this  type  of  block  may  be  observed  to  be  intermediate 
between  a  2  : 1  riiythm  and  a  normal  rhythm,  and  either  regressively 
or  progressively.  It  has  ah*eady  been  pointed  out  ( (1),  p.  195)  that 
further  cutting  of  the  funnel  converted  a  ca^e  of  3  :  2  block  into  a  2  : 1 
block,  and  two  cases  are  given  above  (see  table  3,  No.  4  and  14,  and 
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fig.  9)  of  the  recovery  of  a  2  : 1  block,  passing  through  a  transitory 
stage  of  gradually  increasing  length  of  A-V  interval  to  end  with  a 
dropping  out  of  a  V  systole  after  which  the  beat  becomes  1:1.  Here 
again  owing  to  recovery  from  injury  on  the  part  of  the  connection 
fibers  the  impulse  able  to  get  through  the  block  suddenly  became 
stronger  but  the  connecting  fibers  for  the  time  were  not  yet  in  a  condi- 
tion to  take  over  every  impulse  without  showing  fatigue  which  they 
evidenced  in  a  slowing  up  of  the  impulse  and  weakening  it  until  it 
did  not  get  through  at  all,  thus  causing  a  V  systole  to  be  missed  after 
which  a  sufficient  recuperation  of  the  connection  fibers  took  place 
so  that  the  beat  became  normal.  See  also  No.  18  (table  3,  and  figs. 
8  and  1). 

It  has  not  been  overlooked  that  a  decrease  in  strength  of  stimulus 
alone  may  possibly  explain  both  types  of  partial  block,  by  the  thereby 
relatively  increased  refractory  state  of  the  V,  and  that  in  the  second 
type  the  gradually  increased  A-V  interval  may  be  explained  by  the 
gradually  increasing  length  of  refractory  period  of  the  V  from  cycle 
to  cycle  until  an  A  impulse  falls  into  it  and  the  V  caimot  respond. '  Fur- 
thermore that  the  recovery  from  block  may  be  simply  due  to  an  in- 
crease in  the  strength  of  the  impulse  getting  through  and  the  increased 
A-V  interval  to  the  increased  length  of  the  refractory  state  of  the  V 
on  account  of  its  being  more  often  stimulated.  This  explanation 
may  be  the  correct  one,  but  at  the  present  time  the  writer  cannot  rid 
himself  of  the  conviction  that  injury  to  the  A-V  connection  fiber?  is 
the  ultimate  cause  of  both  of  these  types  of  block  and  that  the  failure 
of  the  V  to  contract  is  due  to  the  failure  of  the  impulse  to  reach  it. 

A  word  may  be  said  regarding  certain  of  my  former  experiments  (1). 
In  nearly  all  cases  block  was  obtained  by  a  method  of  gradual  cutting 
which  extended  over  a  considerable  period  of  tune.  This  gave  the 
irritability  of  the  V  time  to  become  lowered  and  therefore  warranted 
the  assertion  (p.  189)  that  the  type  of  block  characterized  by  a  gradu- 
ally increasing  length  of  A-V  interval  was  particularly  often  seen  in 
dying  hearts.  Also  those  cases  mentioned  on  p.  192  in  which,  although 
the  A-V  interval  gradually  increased,  the  V  systoles  did  not  fall  out 
when  the  maximmn  length  of  A-V  interval  was  attained,  but  followed 
the  A  systole  after  the  minimal  A-V  interval,  which  gradually  increased 
again  and  so  on.  All  of  these  cases  have  been  looked  up  and  in  all 
of  them  it  has  been  found  that  they  were  truly  dying,  in  that  conditions 
were  becoming  worse  instead  of  better,  and  therefore  that  the  irritability 
of  the  V  must  have  been  decreasing.    The  fact  noted  on  p.  194  that 
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the  V  began  to  beat  regularly  with  a  length  of  A-V  interval  equal  to 
that  at  which  it  usuaUy  fell  out  simply  points  to  the  recovery  of  the 
connection  fibers  and  also  to  the  view  above  expressed  that  the  fall- 
ing out  of  Ihe  V  is  not  due  to  the  A  impulse  coming  to  it  when  in  its 
refractory  period.  , 

SUMBfART 

1.  There  is  a  functional  diflferentiation  in  the  A-V  funnel  of  Malaco- 
clemm3rs  as  was  found  in  Clemmys  and  in  the  lizards  Lacerta  viridis 
and  agilis.  When  the  auricles  are  partially  separated  from  the 
ventricle,  a  connection  on  the  right  or  left,  though  consisting  of  but 
a  thread  of  tissue,  in  contradistinction  to  other  parts  of  the  funnel, 
can  conduct  the  contracting  impulse  so  that  A-V  coordination  is  pre- 
served or  restored. 

2.  Cutting  the  right  or  left  parts  of  the  fiumel,  however,  does  not 
necessarily  produce  block  as  was  found  in  the  other  animals  just 
mentioned. 

3.  Block  produced  by  the  method  of  cutting  the  A-V  connection 
can  be  observed  in  all  its  transitional  stages  to  complete  recovery. 

4.  The  cause  of  this  block  is  beUeved  to  Ue  in  the  injury  to  the  re- 
maining fibers  of  the  connection.  This  increases  their  refractoriness 
to  receive  and  conduct  stimuli.  The  strength  of  stimulus  is  decreased 
and  its  rate  of  conduction  increased,  until  the  impulse  is  completely 
blocked.  The  V  fails  to  contract  not  because  the  impulse  is  too  weak 
to  excite  it,  but  because  the  impulse  does  not  reach  it. 
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Since  the  time  of  Kolliker  it  has  been  customary  to  ascribe  the  erosion 
of  calcified  cartilage  and  provisional  bone  during  endochondral  ossi- 
fication to  the  activity  of  a  certain  multinucleate  cell  known  as  the 
osteoclast.  Although  the  exact  manner  in  which  this  cell  carried  on 
its  function,  whether  chemical,  ph3r8ical  or  mechanical,  was  obscure, 
it  seemed  possible — even  probable — that  the  cell  might  be  regarded 
as  a  phagocyte. 

Now  Goldman  (1)  has  called  attention  to  the  reaction  of  the  patho- 
logical giant-cell  of  experimental  tuberculosis  to  certain  dyes  belonging 
to  the  benzidine  group  of  colors;  and  has  pointed  out  the  intense  stain- 
ing of  these  cells  following  the  introduction  of  dye  solutions  into  the 
circulation  of  the  infected  animal.  The  work  of  Evans  and  Schule- 
mann  (2)  showed  that  the  staining  phenomena  which  follow  the  exhibi- 
tion of  these  benzidine  dyes  are  closely  related  to — ^indeed  are  probably 
due  to — ^the  exercise,  by  certain  speciahzed  cells,  of  a  phagocytic  po- 
tentiaUty.  These  phagocytes,  although  anatomically  heterogeneous 
and  scattered  about  the  body,  are  united  by  a  common  physiological 
activity  in  a  great  group.  To  designate  them  Evans- borrows  the  term 
"macrophages"  (Metchnikoflf),  and  it  is  now  recognized  that  their 
behavior  toward  trypan-blue  and  other  dyes  of  the  same  class  is  merely 
the  expression  of  a  "scavenger"'  function  which  they  hold  in  common, 
and  which  causes  them  to  react  to  the  ultramicrons  of  the  dye-solution  in 
the  same  way  that  they  do  to  other  debris  which  they  ingest.  Aside 
from  all  disputed  questions  concerning  the  histogenesis  of  the  patho- 
logical giant-cells,  the  avidity  with  which  they  eat  the  vital  dye-granules 
places  them  in  the  category  of  macrophages,  and  demonstrates  the 
phagocytosis  of  which  they  are  capable.  If  any  further  evidence  were 
needed  to  estabUsh  their  right  to  a  place  in  this  tissue-group  the  pres- 
ence in  their  cytoplasm  of  bacilU  or  foreign  bodies,  which  cause  the 
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lesion  of  which  they  are  a  part,  is  sufficient  to  ensure  their  classification 
as  able  and  greedy  phagocytes. 

The  anatomical  similarity  between  these  pathological  elements 
and  the  normal  osteoclasts  of  the  bone-marrow,  together  with  the 
supposition  of  a  destructive  action  (possibly  phagocytic)  on  the  part 
of  the  latter  cells,  led  us  to  expect,  in  the  osteoclasts  of  animals  whose 
bone  and  cartilage  was  undergoing  rapid  erosion,  an  ingestive  reaction, 
identical  with  that  of  the  macrophages,  toward  the  high  molecular 
dyestuffs  and  colloid  solutions.  And  this  reaction  was  looked  for  in 
spite  of  the  fact  that  the  cytoplasm  of  the  osteoclasts  shows  none  of  the 
evidences  of  phagoc3rtic  activity  in  the  form  of  ingested  pigment  or 
red  blood  cells,  such  as  are  found  in  the  macrophagic  reticulo-endothe- 
hum  of  the  bone-marrow  and  the  other  fixed  phagocytes  of  the  body. 
It  is  perfectly  possible  to  think  of  these  cells  as  able  to  drink  in  the 
ultramicrons  of  colloidal  or  semi*-colloidal  solutions  (in  other  words  the 
finer  material  subdivisions),  while,  because  of  the  coarser  ph3r8'cal 
state  of  the  substance,  or  for  other  reasons,  they  are  not  able  to  ingest 
the  masses  of  large  size  which,  enclosed  in  the  cytoplasm  of  a  cell,  are 
the  usually  accepted  evidence  of  its  phagocytic  powers.  The  idea 
therefore  presented  itself  of  staining  young  and  growing  animals  with 
azo  dyestuffs  and  metalUc  colloids  and  studying  the  young  osseous 
tissue;  a  report  of  such  a  histological  study  is  presented  in  this  paper. 

The  method  used  was  to  inject  into  the  peritoneal  cavity  of  young 
and  healthy  animals  (rabbits,  kittens  and  chicks)  a  small  quantity  of  a 
sterile  aqueous  solution  of  dye  or  colloid,  using  the  technique  and  pre- 
cautions described  by  us  in  a  former  paper  (3).  The  animal  waB 
allowed  to  Uve  for  from  one  to  four  days  and  was  then  killed  and  the 
tissues  fixed  in  10  per  cent  neutral  formalin.  The  fixative  was  injected 
into  the  blood-vessels,  after  which  the  tissues  were  allowed  to  stand 
in  it  for  from  twenty-four  to  forty-eight  hours.  They  were  then  thor- 
oughly washed,  dehydrated,  decalcified  and  embedded  in  celloidin  or 
paraffin. 

In  our  former  conmiunication  (3)  we  have  described  the  appearance 
in  gross  of  the  bones  of  such  an  animal,  and  have  suggested  their  value 
in  the  study  of  ossification  centers  and  the  development  of  bone,  and 
we  shall  speak  of  gross  material  only  briefly  here. 

We  shall  also  confine  our  description  to  the  findings  in  animals  in- 
jected with  trypan-bluC;  an  azo-dye,  since  the  color  of  material  stained 
with  this  dye  is  almost  unchanged  by  passage  through  the  strong  acids 
used  to  decalcify  the  bony  tissue  in  preparation  for  sectioning,  and 
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because  there  is  no  essential  variation  in  the  distribution  of  different 
boisidine  dyes  introduced  into  th6  body  of  an  experimental  animal. 

The  stain  of  the  growing  bone  is  in  a  large  measure  seled^ive,  resem- 
bling somewhat  the  osseous  staining  consequent  upon  the  ingestion  of 
madder;  and  while  the  bony  skeleton  is  stained  a  very  dark  blue,  the 
liver  and  spleen  of  these  young  animals  are  but  lightly  colored.  This 
latter  feature  is  especially  marked  in  the  chick.  In  fully  developed 
adults  exactly  the  reverse  is  true:  the  osseous  S3rstem  shows  very  Uttle 
visible  color,  while  the  Uver  and  spleen  are  the  most  heavily  loaded 
places  of  dye-storage  in  the  body.  It  would  seem  that  the  actively 
growing  skeleton  had  taken  to  itself  a  large  share  of  dye  which,  in  the 
adult,  would  be  cared  for  by  these  other  tissues. 

In  a  way  this  specificity  of  staining  is  what  we  might  logically  expect 
to  find  in  these  young  animals.  In  them  the  growth  curve  of  the 
skeleton  is  at  its  maximum  height  and  the  metabolism  of  the  component 
elements  of  the  osseous  system  must  be  whipped  to  the  utmost.  A 
study  of  the  phenomena  of  vital  staining  demonstrates  that  circulating 
dye  is  always  concentrated  in  loci  of  heightened  metabolism,  especially 
if,  as  is  the  case  with  the  growing  bony  skeleton,  the  destructive  or 
eataboUc  side  of  the  life  processes  is  prominent  in  the  affected  tissue. 
Thus  we  see  the  selective  staining  of  the  uterus  during  pregnancy,  the 
heavy  dye-deposits  in  the  ovary  which  mark  the  situation  of  ova  in  the 
process  of  attrition,  and,  under  pathological  conditions,  the  special  foci 
of  dye-storage  in  inflammatory  areas  and  about  the  borders  of  experi- 
mental neoplasms. 

The  osseous  tissue  is  stained  very  darkly,  and  it  is  noticeable  that 
this  color  is  much  more  marked  in  the  growing  than  in  the  fully  de- 
veloped bone.  Indeed,  upon  close  examination  it  is  seen  that  espe- 
cially dense  staining  marks  the  actively  growing  areas  of  the  bone,  as  for 
example  the  ventral  ends  of  the  ribs,  or  the  advancing  borders  of  the 
membrane-bones  of  the  skull. 

These  most  deeply  stained  areas  may  or  may  not  represent  the  so- 
caUed  primary  ossification  centers.  In  fact  the  primary  centers  are 
stained  only  if  they  are  areas  of  osteoblastic  activity  at  the  time  of  the 
exhibition  of  the  dye.  This  is  most  evident  in  the  thin  bones  of  the 
developing  skuU  where  the  primary  centers  are  almost  without  color 
and  the  rapidly  advancing  edge  of  the  membrane-bone  is  heavily  stained. 

It  seemed,  then,  that  the  avidity  with  which  the  dye  was  taken  by 
the  growing  bone  had  some  connection  with  osteogenesis;  and  it  was 
with  the  greatest  interest  that  the  sections  were  examined,  for  it  was 
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expected  that  the  osteoclasts  would  be  found  loaded  with  blue  granules. 
Instead  of  this  it  was  surprising  to  find  that  no  blue  at  all  was  to  be 
seen  in  their  bodies. 

In  other  words  these  cells  are  non-trypanophiUc  and  non-phagocytic. 
They  can  therefore  not  be  classed  with  the  pyrrhol  cells  on  a  physio- 
logical basis. 

It  may  be  objected  that  the  fact  that  the  osteoclasts  do  not  store 
trypan-blue  does  not  prove  them  non-phagocytic,  since  the  ordinary 
neutrophil  leucocytes — well  known  phagocjrtes — are  not  trypanophiUc. 
These  latter  cells  however  show  the  conmionly  recognized  signs  of 
phagocytosis  and  are  able  to  surround  bodies  whose  size  brings  them 
easily  into  the  field  of  microscopic  vision.  No  such  evidences  of  phago- 
cytic activity  are  ever  found  in  the  cytoplasm  of  the  osteoclasts,  though 
they  are  present  in  pathological  giant-cells,  both  of  the  foreign  body  and 
the  granulomatous  type. 

If  the  osteoclasts  have  any  part  in  the  resorption  of  calcified  cartilage 
and  bone,  that  part  must  be  played  either  through  the  pressure  of 
their  bodies  against  it  or  the  production  of  a  secretion  which  can  dis- 
solve or  at  least  disintegrate  the  calcareous  tissue  with  which  it  comes 
in  contact.  If  the  erosion  of  cartilage  and  bone  is  accompanied  by 
phagocytosis  of  disintegrated  tissue-fragments,  that  operation  must 
be  carried  on  by  other  elements  in  the  marrow-cavity. 

We  are  probably  therefore  justified  in  including  the  osteoclasts  in 
the  same  category  with  the  other  giant  cells  of  the  bone-marrow,  all 
of  which  are  trypanophobic. 

The  only  cells  which  manifested  the  characteristic  trypanophil 
reaction  were  the  ordinary  reticulo-endothelial  cells  of  the  marrow 
reticulum.  Though  these  were  everywhere  present  throughout  the 
marrow  cavities  of  the  young  bone,  they  seemed  to  be  most  numerous 
in  the  areas  where  erosion  of  cartilage  and  bone  was  going  on  naost 
actively.  At  the  margin  between  cartilage  and  bone  at  the  epiph3rsi8 
there  was  a  narrow  zone  where  these  macrophages  were  very  numerous, 
and  a  distinct  line  of  them  could  be  made  out  along  the  edge  of  the 
cartilage  to  which  they  were  apparently  closely  applied.  In  a  region 
of  the  new  endochondral  bone,  just  behind  the  advancing  osseous  bor- 
der, viz.,  in  the  region  where  the  new  spicules  of  endochondral  bone 
were  being  most  actively  resorbed,  they  were  more  thickly  grouped 
than  in  the  rest  of  the  marrow-cavity. 

By  recourse  to  a  method  of  clearing  the  bones  the  distribution  of  the 
macrophages  was  made  even  more  evident. 
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Bones  were  thoroughly  dehydrated  in  ascending  alcohols  and,  after 
two  changes  of  absolute,  were  immersed  in  benzol.  After  remaining 
in  this  twenty-four  to  forty-eight  hours  they  were  drained  quickly 
and  put  into  oil  of  wintergreen.  A  striking  picture  is  then  presented 
by  such  a  preparation.  The  color  of  the  bone  becomes  much  darker, 
almost  black,  and  the  separate  centers  of  osteogenesis  are  sharply 
marked  off  from  one  another.  In  a  long  bone,  for  instance,  the  di- 
aphysis  appears  as  a  blue-black  shaft,  the  thin  outer  shell  of  periosteal 
bone  being  semi-translucent.  At  the  ends  the  cartilaginous  caps  are 
seen  to  be  almost  completely  unstained,  and  the  epiph3rBes  and  apophy- 
ses, where  these  are  present,  appear  as  distinct  nodules  within  their 
capsules  of  cartilage.  So  distinct  is  this  demonstration  of  the  foci  of 
osteogenesis  that  they  may  be  readily  studied  in  preparations  made 
by  this  method. 

If  the  bones  be  decalcified  before  being  cleared  the  picture  is  even 
more  striking.  The  density  of  the  blue  is  less  marked,  for  the  bone 
has  lost  its  opacity  because  of  the  extraction  of  the  calcium-salts,  and, 
too,  a  small  quantity  of  dye  appears  to  be  lost  with  the  inorganic  mate- 
rial. When  such  a  preparation  is  viewed  through  the  dissecting  micro- 
scope or  the  binocular  the  distribution  of  the  dyestuff  is  easily  studied. 
In  bones  where  the  margin  between  cartilage  and  advancing  bone 
forms  a  plane  surface,  as  at  the  ventral  extremities  of  the  ribs,  a  distinct 
blue  disk  appears  at  this  situation,  and,  on  examining  the  specimen  with 
a  higher  power,  it  is  seen  that  the  blue  is  within  pyrrhol-cells  or  macro- 
phages. They  are  met  with  throughout  the  area  of  endochondral 
ossification,  but  are  specially  abundant  just  behind  the  advancing  tip, 
i.e.,  where  new  bone  is  being  most  actively  broken  down. 

Some  of  the  deep  blue  stain  of  the  growing  skeleton  is  due  however, 
not  to  granules  of  color  in  specific  cells,  but  to  a  diffuse  deposit  of  dye 
in  the  bone  itself.  The  greatest  amount  of  bone  so  stained  occurs  in 
regions  where  bone-formation  is  going  on  most  rapidly,  at  the  growing 
ends  of  the  bone,  just  beneath  the  periosteum  on  the  shaft,  and  along 
the  borders  of  spicules  of  endochondral  bone  in  a  narrow  band  just 
beneath  the  covering  layer  of  osteoblasts.  The  largest  and  most 
deeply  stained  layer  in  the  body  occurs  at  the  ventral  costo-chondral 
junction — a  focus  of  very  rapid  osteogenesis.  The  corpuscles  embedded 
in  bone  so  stained  usually  have  their  nuclei  deeply  and  diffusely  colored 
and  occasionally  granules  of  dye  may  be  seen  in  their  cytoplasm. 

The  meaning  of  this  finding  is  not  at  all  clear.  Diffuse  tissue-stain- 
ing by  solutions  of  benzidine  dyes  is  usually  accepted  as  evidence  of 
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tifisue-injuiy,  and  nuclear  coloration  as  certain  evidence  of  cell-death. 
(McCurdy  and  Evans  (4),  Evans  and  Crowe  (5),  Evans  Bowman  imd 
Wintemitz  (6)). 

This  staining,  however,  does  not  seem  to  be  due  to  diffusion  of  the 
dye,  and  being  in  bone  which  has  been  freshly  laid  down,  seems  rather 
to  be  regarded  as  the  result  of  the  activity  of  the  osteoblasts,  some  of 
which  may  be  occasionally  seen,  faintly  stained.  It  is  probable  that 
this  stained  bone  was  laid  doWn  during  the  time  that  the  circulating 
body-fluids  were  charged  with  dye,  and  the  stain  may  be  comparable 
to  the  coloration  of  young  bone  in  animals  which  are  on  a  madder- 
diet.  Schuleman  (7)  has  shown  that  certain,  and  perhaps  all,  of 
the  colored  granulations  formed  in  the  p3rrrhol-cells  after  vital 
staining  with  azo-dyes  are  the  result  of  aggregation  of  the  ultra- 
microns  of  the  dyensolutions  in  the  presence  of  electroljrtes.  It  may 
be  therefore  that  the  coloration  of  the  new  formed  bone  is  caused  by 
the  electrolytic  precipitation  of  the  injected  dye,  by  and  with  calcium- 
salts,  which  have  been  locally  concentrated  to  be  laid  down  in  the 
process  of  ossification.  The  question  is  being  investigated  further 
however,  and  the  results  will  be  published  in  a  later  communication. 

The  fact  that  the  reticulo-endotheUal  cells  are  present  in  large 
numbers  where  absorption  of  bone  and  cartilage  is  going  on,  and  that 
they  are  most  numerous  where  this  process  is  most  active,  is  an  indi- 
cation that  they  are  concerned  in  this  work.  We  know  that  they  are 
specialized  to  take  into  their  cytoplasm  small  foreign  bodies,  as  red 
blood-cells  and  bacteria  (Kyes  (8))  and  pigment  (Brass  (9)),  etc.,  and  it 
seems  reasonable  to  assume  that  they  deal  with  the  fragments  of 
cartilage  and  bone,  which  are  undergoing  resorption,  in  the  same  manner. 
Whether  or  not  these  cells  themselves  actually  break  up  the  material 
is  not  clear,  but  if  they  do  not  at  least  it  seems  probable  that  they  pick 
up  the  chips,  so  to  speak,  which  other  cells  have  produced. 

What  the  pyrrhol-cells  do  with  the  matter  which  they  have  ingested 
forms  a  subject  for  fascinating  speculation.  They  may  digest  it — 
break  down  complex  into  simple  material — to  be  afterwards  passed 
into  the  blood-stream  and  again  utilized,  or  they  may  act  as  hod-carriers 
as  well,  transporting  the  bricks  of  calcium-compounds  to  regions  where 
they  can  be  built  into  new  spicules  of  bone.  Or  they  may  simply 
prepare  worthless  materials  so  that  they  may  be  easily  excreted. 

If  the  pyrrhol-cells  take  up  the  material  which  has  been  formed 
from  resorption  of  cartilage  and  bone,  and  there  seems  to  be  little 
doubt  that  they  do,  this  suggests  that  such  material  occurs  in  a  very 
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finely  dispersed  form,  since  the  macrophages  are  so  specialized  as  to 
deal  most  easily  with  physical  systems  of  this  character. 

CONCLUSIONS 

1.  The  p3rrrhol-cells  occur  in  regions  where  bone  is  developing,  and 
are  most  nmnerons  in  areas  where  the  resorption  of  bone  and  cartilage 
is  most  active.  It  may  therefore  be  considered  that  they  take  some 
part  in  this  process,  and  it  is  believed  that  they  ingest  the  debris  and 
assist  in  clearing  it  away. 

2.  The  osteoclast  is  not  trypanophilic  and  hence  must  be  excluded 
from  the  class  of  pyrrhol-cells  and  their  derivatives  such  as  the  foreign- 
body  giant  cell. 

3.  Any  office  of  the  osteoclasts  in  the  resorption  of  calcified  cartilage 
or  bone  must  be  performed  by  the  agency  of  chemical  solution  or 
mechanical  erosion  through  pressure  exerted  by  them  upon  the  material 
which  is  being  broken  down. 
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A  new  point  of  view  has  developed  during  the  last  decade  concern- 
ing the  inter-relationship  of  certain  cells  of  the  blood  and  connective 
tissue;  we  have  had  no  satisfactory  classification  for  such  cells  hereto- 
fore. A  number  of  morphologically  heterogeneous  endothelial  and 
connective  tissue  elements  have  been  grouped  together  into  one  class 
by  the  possession  of  a  common  physiological  fimction — ^that  is,  the 
abiUty  to  ingest,  aggregate,  and  store  in  their  cytoplasm  the  submicro- 
scopic  particles  afloat  in  colloidal  sols  and  solutions  of  the  acid  azo 
(benzidine)  dye-stuflfs.  To  cells  having  this  power  Goldmann  (1) 
has  given  the  name  pjrrrhol-cell.  Evans  and  Schulemann  (2)  have  shown 
that  the  storage  of  the  high  molecular  dyes  by  these  cells  is  merely  a 
manifestation  of  an  ability  to  ingest  and  store  foreign  material,  exist- 
ing in  the  form  of  fine  physical  subdivision. 

The  pyrrhol-cells  of  the  adult  organism  are  of  three  general  types. 
The  first  type,  those  which  are  truly  endothelial  in  nature,  line  the 
capillaries  of  the  liver,  the  venules  and  sinuses  of  the  spleen,  the  haemal- 
lymph  nodes,  and  the  true  lymphatic  glands.  The  second  type,  which 
are  more  or  less  fixed  cells,  includes  those  widely  distributed  elements 
designated  variously  as  adventitia,  resting  wandering  cells,  or  clasma- 
tocytes;  and  those  colonies  of  cells  closely  akin  to  them,  which  are  foimd 
in  the  omentum  in  which  situation  they  are  referred  to  as  taches 
laiteuses.  To  this  group  belong  also  those  interesting  elements  desig- 
nated as  reticulum-cells,  which  occur  in  the  pulp  of  bone-marrow, 
spleen  and  lymph-glands.  Thirdly,  we  find  the  free  macrophages, 
which  consist  of  the  host  of  round,  mono-nuclear  cells  inhabiting  the 
serous  cavities,  the  mono-nuclear  cells  occurring  so  abundantly  at 
times  within  the  lymph-sinuses  of  the  lymphatic  nodes  and  occasionally 
in  the  spleen  and  hver;  and  which  under  experimental  conditions  are 
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found  in  large  numbers  in  the  latter  places  and  even  in  the  peripheral 
circulation. 

The  histogenesis  of  these  various  elements  has  become,  with  our 
increasing  knowledge  of  their  importance  in  the  adult  economy,  a 
fascinating  and  tempting  problem  for  anatomists.  With  the  discovery 
of  the  special  afl&nity  of  these  cells  for  the  diazo-dyes,  it  seemed  as 
though  we  were  on  the  threshold  of  solving  the  mysteries  of  the  origin 
of  blood  and  endotheUum,  and  their  relation  to  mesenchyme  and  the 
adult  connective  tissue  types. 

Technical  difficulties  soon  arose  however,  and  our  dream  still  re- 
mained unrealized.  The  placenta  was  shown  to  be  impermeable 
to  vital  dyes,  and  the  direct  injection  of  dye  into  the  embryo  to  be 
impracticable.  Introduction  of  the  dyes  into  avian  embryos  was 
fraught  with  even  greater  difficulty,  and  repeated  attempts  have  ended 
in  failure.  There  remained  no  alternative  but  to  try  to  introduce 
the  dye  by  some  means  into  the  embryos  of  one  of  the  cold-blooded 
vertebrates. 

The  object  in  attempting  to  stain  amphibian  larvae  would  be:  to 
determine  the  fate  of  benzidine  dyes  when  introduced  into  the  body  of 
the  embryo,  to  discover  which  elements  possess  the  power  to  phago- 
cytise  high-molecular  particulate  matter  and  to  ascertain  the  distribu- 
tion of  these  elements;  and  furthermore  to  show  what  relation  these 
embryonic  phagocytes  might  bear  towards  the  pjnrrhol-cells  of  the 
adult.  Staining  these  embryos  might  assist  us  to  a  knowledge  of  the 
genetic  interrelationship  of  the  sessile  pyrrhol-cells,  and  the  wan- 
dering phagocytes  of  the  mesenchyme  and  the  serous  cavities,  or  to 
shed  Ught  upon  the  embryology  of  types  of  cells  (Kupflfer  cells,  taches 
laiteuses)  concerning  which  we  know  practically  nothing. 

Amphibian  larvae,  immediately  after  hatching,  seemed  suitable 
subjects  for  such  an  investigation  although  feeding  experiments  on  the 
adult  animal  have  led  us  to  expect  very  little  from  absorption  of  the  dyes 
through  the  alimentary  tract,  and  the  deUcate  organisms  seemed  unfit 
for  such  drastic  measures  as  injection  of  the  vital  stain  into  the  peri- 
toneal cavity.  So  the  most  reasonable  method  appeared  to  be,  to  in- 
troduce the  dye-stuffs  into  the  water  in  which  the  larvae  swam,  and 
trust  to  its  being  absorbed  through  the  respiratory  tract  or  through 
the  epidermis,  which  in  amphibia  is  known  to  be  very  permeable. 

For  this  purpose,  eggs,  of  the  common  species  of  frogs  and  salaman- 
lers  in  the  vicinity  of  Baltimore,  were  collected  in  April,  1916,  and 
nroueht  to  the  laboratory  where  they  were  cared  for  in  balanced  aquaria. 
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The  species  used  were  Rana  temporaria,  Hyla  pickeringii  and  Ambly- 
stoma.  The  main  experiments  were  carried  out  with  Rana  temporaria, 
repeated  trial  having  demonstrated  a  greater  immunity  to  the  toxic 
action  of  trypan-blue,  the  benzidine  dye  used  in  the  experiments,  for 
this  than  the  other  two  species.  The  author  wishes  to  empha.si2e 
here,  that  trypan-blue  is  not  the  physiologically  inert,  non-toxic  sub- 
stance some  writers  have  claimed,  but  that  even  comparatively  weak 
solutions  are  definitely  toxic,  as  will  be  clearly  brought  out  by  the 
following  experiments.  I  have  also  foimd  the  dye  to  be  definitely 
toxic  to  fish  and  adult  amphibia  when  given  intraperitoneally  in  1 
per  cent  solution  with  perfect  technique. 

Immediately  after  hatching,  the  larvae  were  transferred  from  the 
aquaria  to  finger-bowls  containing  graded  strengths  of  freshly  pre- 
pared trypan-blue  solutions,  made  up  with  ordinary  tap-water.  In 
the  initial  experiment  the  strongest  solution  was  I  :  50.  The  otiiers 
in  decreasing  strengths  were:  1  :  100;  1  :  200;  1  :  400;  1: 800;  1  :  1600; 
1  :  3200.  The  larvae  were  observed  twice  daily,  morning  and  evening, 
for  a  few  moments,  as  a  routine,  on  a  glass-slide  in  a  small  amount  of 
water.  The  animals  in  the  1  :  50,  1  :  100  and  1  :  200  solutions  were 
all  dead  and  partly  macerated  the  morning  following  the  initiation  of 
the  experiment.  Nearly  all  the  larvae  in  the  1  :400  solution  were 
dead  and  the  remainder  died  within  the  next  twenty-four  hours.  After 
repeating  the  experiment  with  these  strengths,  the  use  of  a  solution 
more  concentrated  than  a  1  :  600  was  abandoned.  In  the  1  :  800, 
1  :  1600  and  1  :  3200  solutions  the  animals  remained  alive  indefinitely 
from  two  to  four  weeks  and  seemed  to  be  little  affected  by  the  toxic 
action  of  the  dye. 

On  the  fourth  day  of  immersion  of  the  animals  in  the  1  :  800  and 
1  :  1600  solutions,  faintly  discernible  traces  of  trjrpan-blue  were  to 
be  seen,  in  certain  cells  in  the  tail.  On  the  fifth  and  the  sixth  da3rs  it 
became  apparent  that  the  trypanophiKc  cells,  which  were  gradually, 
becoming  stained,  lay  either  inmiediately  adjacent  to  the  coiu'se  of 
the  lymphatics,  or  were  the  cells  of  the  lymphatic  endotheUimi  them- 
selves. Observation  of  the  living  tadpoles  on  the  seventh  and  ei^th 
days,  in  a  chamber  such  as  described  by  Clark  (3),  left  no  doubt,  but 
that  the  trypan-blue  granules  were  within  the  cytoplasm  of  the  en- 
dothelial cells  of  the  lymphatic  capillaries.  Under  the  low  power  of 
the  microscope  the  lymphatic  system  of  the  tail,  including  the  caudal 
tnmks,  was  brilliantly  outlined  in  blue. 

Under  the  high  power  of  the  microscope,  in  a'  Clark  chamber,  the 
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nuclear  areas  of  the  lymphatic  endothelial  cells  were  visible  at  irregular 
intervals  along  the  capillary  wall.  These  areas  appeared  relatively  free 
from  trypan-blue,  the  dye  corresponding  in  its  distribution  in  the  cell 
with  the  gruiular  zone  of  the  cytoplasm;  and  extending  in  both  direc- 
tions, it  gradually  faded  away  into  the  delicate  strand  of  protoplasm 
outlining  the  wall.  The  vital  dye  was  of  uniform  intensity,  and  the 
gruiules  equally  numerous,  no  matter  whether  the  cell  was  situated 
near  ihe  sprouting  tip  of  a  growing  vessel,  or  lining  an  established 
channel. 

After  careful  observation  it  became  evident  that  the  lymphatic 
endothelium  had  been  stained  quite  specifically.  The  endothelium 
of  the  blood-vessels,  many  of  which  were  distinguishable  because  they 
contained  rapidly  circulating  blood-corpuscles,  showed  not  the  slightest 
particle  of  vital  stain.  Careful  examination,  of  bolii  mesenchyme  and 
wandering-cells,  for  the  slightest  trace  of  the  blue  dye,  was  in  vain; 
the  specificity  of  lymphatic  endothelium  for  the  dye  was  complete. 

It  is  evident,  that,  in  the  specific  affinity  of  lymphatic  endothelium 
in  amphibian  larvae,  we  have  a  means  at  our  disposal  for  settling  con- 
clusively the  long  controversy,  concerning  the  growth  of  lymphatics, 
in  which  studies  on  the  lymphatics  of  amphibian  larvae  have  played 
such  a  prominent  role  in  the  past. 

It  may  not  be  out  of  place  here  to  discuss  briefly  the  conflicting 
ideas  about  the  mechanism  of  the  growth  of  lymphatic  vessels,  which 
have  been  advanced  and  are  now  championed,  by  the  modem  students 
of  angiology.  Three  views  have  assumed  the  most  important  places 
among  the  numbers  of  theories  which  have  been  evolved  to  explain 
the  development  of  new  lymphatic  vessels. 

1.  That  Ijonphatics  may  result  from  a  transformation  of  blood-ves- 
sels, and  that  extension  of  the  lymphatic  system  results  from  the  coup- 
ling on  or  addition  of  these  changed  blood-channels. 

2.  That  the  endothelial  cells  of  the  l3rmphatics  may  arise  from  cells 
of  the  extra-vascular  mesench3rme. 

3.  That  after  the  initial  outgrowth  of  lymphatics  from  the  veins, 
in  the  form  of  l3rmph-hearts  has  occurred,  neither  mesenchyme  cell 
nor  blood-vessel  endothelium  contributes  any  further  to  their  growth; 
but  that  they  are  an  independent  tissue,  growing  by  division  of  primary 
lymphatic  endothelium,  and  invading  the  embryonic  body,  as  a  vine 
climbs  a  trellis. 

These  three  views,  as  they  apply  to  the  tadpole,  can  be  subjected 
to  a  crucial  test  in  the  light  of  the  discovery  that  trypan-blue  is  an 
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elective  stain  for  amphibian  embryonic  l3anphatic  endotheliimi.  Ex- 
periments necessary  to  this  end  are  being  prosecuted  in  this  laboratory. 
Even  at  the  present  time,  while  these  experiments  with  vital  dyes 
are  only  in  their  initial  stages,  it  is  possible  by  their  help  to  draw  cer- 
tain fundamental  conclusions,  which  may  aid  in  directing  the  study 
of  lymphatic  growth. 

For  example,  the  results  of  the  appUcation  of  this  method  show 
that  the  Mayer-Lewis  anlageh  are  not  modified  blood-capillaries  but 
true  lymphatics,  since  they  store  vital  azo-dyes  in  their  endothelium. 
This  is  in  accord  with  the  knowledge  gained  from  the  injection  and 
reconstruction  methods,  which  make  it  seem  probable  that  the  Mayer- 
Lewis  anlagen  are  parts  of  a  continuous  lymphatic  vessel. 

The  view  maintained  by  a  second  group  of  writers,  namely,  that 
lymphatics  grow  by  the  conversion  of  extraintimal  and  perineural 
spaces  into  lymphatic  channels,  by  the  transformation  of  mesenchyme 
into  endotheliimi,  clearly  becomes  untenable,  since  mesenchyme  and 
lymphatic  endothelial  cells  are  shown  by  their  reaction  toward  the 
dye  to  be  biologically  different;  and  conversion  of  one  into  the  other 
becomes  extremely  improbable. 

The  observations  made  so  far  upon  vitally  stained  larvae,  substan- 
tiate and  add  additional  proof  to  the  interesting  observations  by  E.  R. 
Clark  (4)  on  the  growth  of  lymphatics  in  the  tadpole's  tail.  The  author 
is  able  to  confiim  Clark's  view  that  these  lymphatics,  grow  only  by 
sprouting,  and  by  sending  out  fine  protoplasmic  processes,  which 
gradually  become  definite  Imnen-containing  sprouts.  Furthermore 
the  author  also  agrees  with  Clark  in  maintaining  that  blood-vessels, 
and  mesenchyme  and  wandering-cells,  never  contribute  to  the  forma- 
tion of  lymphatic  endotheUmn  in  this  locaUty;  but  that  each  of  these 
tissues  has  an  independent,  characteristic  existence. 

The  staining  of  the  larvae  became  so  intense  by  the  eighth  day  that 
even  to  the  imaided  eye  a  blue  color  was  evident  in  the  tail.  A  dif- 
fuse blue  stain  of  the  peritoneal  cavity  became  apparent  about  the 
third  day;  but  it  seemed  plausible  to  attribute  this  to  the  presence  of 
dye  in  the  intestinal  contents,  especially  as  a  plug  of  faecal  material 
stained  deep  blue  could  always  be  seen  in  the  anal  gut. 

The  animals  were  fixed  at  successive  intervals  from  the  third  until 
the  tenth  day  in  10  per  cent  neutral  formalin.  The  material  was 
dehydrated,  imbedded  in  paraflSn,  cut,  and  stained  with  Mayer's 
carmalum. 

Study  of  the  sections  seems  to  show  conclusively  that  the  epidermis 
does  not  serve  as  a  portal  of  entry  for  the  dye,  since  there  are  no  visible 
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traces  of  trypan-blue  within  or  between  the  cells  of  this  tissue.  It 
seems  more  probable  that  the  stain  gains  admission  to  the  body  through 
the  alimentary  canal,  because  in  certain  regions  of  the  gut,  the  entire 
intestinal  mucosa  and  submuoosa  are  colored  a  deep  diffuse  blue  and 
occasionally  definite  granules  of  dye  are  distinguishable  in  these  layers. 
The  embryonic  intestine  behaves  radically  diflferently  towards  the  dye 
than  does  that  of  the  adult,  which  under  no  circumstance,  has  been 
known  to  absorb  the  dye  or  to  have  visible  particles  of  stain  in  the  cells 
of  the  mucosa.  Large  amounts  of  the  blue  are  aggregated  in  the  cyto- 
plasm of  the  vacuolated,  mucoid  epitheUal  cells,  which  line  certain 
regions  of  the  gill-pockets  (notably  those  adjacent  to  the  respiratory 
mucosa)  and  it  is  interesting  to  note  the  rich  supply  of  Ijonphatics  in 
this  region,  all  of  whose  endotheUal  cells  are  loaded  with  tr3rpan-blue. 
The  respiratory  epithelium  appears  to  be  practically  free  from  trypan- 
blue  granules,  although  in  some  instances  areas  may  be  found  in  which 
these  cells  have  become  actively  phagocytic  towards  the  stain. 

As  yet  it  is  impossible  to  state  positively  whether  the  staining  of  the 
intestine  represents  an  attempt  on  the  part  of  the  organ  to  absorb 
the  dye,  or  whether  this  coloration  is  evidence  of  an  excretion  process 
or  whether,  as  seems  most  probable,  the  absorption  and  excretion  of 
the  dispersed  dye  are  not  proceeding  simultaneously  through  the 
intestinal  epithelium.  However,  the  mucous  nature  of  the  epitheUum 
of  the  gill-pouches  makes  it  seem  probable  that  in  this  region  we  may 
be  dealing  with  the  excretory  phase  of  vital  staining. 

A  distinct  attempt  on  the  part  of  the  body  to  excrete  the  dye,  is 
evidenced  by  the  remarkable  appearance  of  the  kidneys.  The  epithe- 
lial cells  of  many  of  the  tubules  are  uncolored  or  contain  only  traces 
of  the  dye,  whereas  in  other  tubules  the  cells  seem  loaded  to  their 
full  capacity.  It  is  possible  to  find  normal  cells  in  all  stages  of  transi- 
tion between  the  two  conditions.  In  still  others  there  are  degenera- 
tive changes,  where  judging  from  the  accumulated  stain,  the  cells  are 
apparently  taxed  by  the  tremendous  influx  of  foreign  material, 
beyond  their  physiological  hmit.  The  epithelium  in  this  instance 
is  swollen  to  three  or  four  times  its  normal  height,  the  lumen  of  the 
tubule  nearly  obUterated;  and  the  cytoplasm  fiUed  with  clumps  of 
dye  and  numerous  vacuoles  of  varying  sizes.  It  is  not  improbable 
to  suppose,  that  the  toxic  action  of  stronger  solutions  of  diazo-dyes 
upon  poikilothermal  vertebrates,  can  be  accounted  for  by  an  identi- 
cal, but  more  extensive  degeneration  of  renal  parenchyma,  following 
an  overtaxing  of  the  kidney. 

It  is  clear  from  microscopic  study  of  the  sections  that  the  dye  has 
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been  stored  by  three  types  of  tissue  as  follows:  by  the  lymphatic  endo- 
theUum  in  its  entirety,  the  Kupffer  cells  lining  the  sinuses  of  the  Uver, 
and  by  groups  of  large,  roimd,  mono-nuclear  pyrrhol-cells  occurring  in 
the  mesentery  and  omentum,  not  unlikely  homologues  of  the  taches 
laiteuses  of  higher  vertebrates. 

There  is  no  phagocytic  activity  shown  toward  the  dye  "by  any  t3rpe 
of  cell  elsewhere  in  the  organism.  There  are  no  trypanophylic  clas- 
matocytes  in  the  connective  tissue,  nor  are  there  any  free  "macro- 
phages" discernible,  either  in  the  serous  cavities,  or  in  the  bloodnstream* 
There  is  no  vital  stain  in  the  spleen  or  blood-forming  tissue,  and  the 
circulating  blood-elements  do  not  contain  a  trace  of  the  dye. 

The  l3rmphatic  system  throughout  the  organism  is  conspicuous  by 
the  brilliant  trypan-blue  granules  displayed  in  the  cytoplasm  of  its 
endothelium.  Here,  as  in  the  living  specimens,  there  is  no  difficulty 
in  distinguishing  lymphatics  from  the  blood-vessels  because  of  the 
absence  of  dye  in  the  endotheUmn  of  the  latter. 

The  nuclei  of  the  lymphatic  eiidothelium  are  small,  flattened,  lense- 
shaped,  or  somewhat  irregular,  and  stain  very  deeply  with  carmalum; 
they  never  contain  dye-granules,  while  the  cytoplasm  is  conspicuous 
by  the  quantity  of  vital  stain  which  it  exhibits.  The  dye  however 
appears  to  be  in  larger  clumps  and  masses  than  in  the  living  cell,  where 
it  is  distributed  in  much  finer  and  more  diffuse  particles.  Besides 
the  trypan-blue  the  cells  contain  fine  pigment-granules,  which  are  also 
visible  in  vivo,  and  which  would  appear  to  be  normal  for  this  species. 
The  vital  stain  is  limited  in  the  stained  section,  as  in  the  living  cell, 
to  the  granular  zone  surroimding  the  nucleus,  and  does  not  extend 
far  into  the  finer  protoplasmic  filaments  of  the  sprouting  tip  of  the 
lymphatic  vessel,  or  into  the  strands  of  protoplasm  extending  from 
nucleus  to  nucleus  and  forming  the  capillary-wall.  One  receives  the 
impression  here,  as  well  as  in  the  living,  that  the  dye  granules  have  a 
tendency  to  remain  near  the  more  physically  inert  nucleus,  rather  than 
to  enter  into  the  plastic  and  markedly  amoeboid  pseudopods  of  the  cell. 

The  liver  is  characterized  in  all  the  sections  studied  by  the  large 
quantity  of  dye  which  it  contains.  Here  it  is  the  endothelium  of  the 
vascular  sinuses,  the  Kupffer  cells,  which  house  the  dye.  In  the  am- 
phibian larvae  the  number  of*  these  cells  relative  to  Uver-parenchyma 
would  appear  to  be  very  great.  The  liver  cells  themselves  contain 
appreciable  amounts  of  dye,  a  phenomenon  seen  in  other  animals  at 
times;  and  possibly  attributable  to  the  fact  that  these  cells  absorb 
some  of  the  dye  in  the  presence  of  an  excess  in  the  blood-stream,  which 
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cannot  be  cared  for  by  the  cells,  whose  chief  function  it  is  to  phago- 
cytise  particulate  matter. 

The  third  place  of  storage  of  the  dye-granules,  in  the  larval  amphib- 
ians, is  in  the  colonies  of  pyrrhol-cells  in  the  mesentery  and  omentum. 
Some  of  these  cell-aggregations  seem  to  be  true  homologues  of  the  taches 
laiteuses  of  higher  vertebrates,  others  are  merely  accumulations  of 
primitive  wandering-cells  pecuU&r  to  amphibian  larvae  in  this  locaUty. 
These  cells  are  round  and  relatively  large,  having  a  single,  round,  ec- 
centrically placed  nucleus.  Under  no  circumstance  does  the  nucleus 
store  the  dye,  but  the  cytoplasm,  besides  a  quantity  of  brownish-yel- 
low pigment-granules,  displays  an  enormous  amount  of  dye  in  clumps 
of  differing  dimensions  and  intensity. 

The  above  results  apply  to  all  of  the  species  studied,  although  the 
results  with  Hyla  pickeringii  were  not  nearly  as  satisfactory  as  with 
Rana  temporaria,  owing  to  the  fact,  explained  above,  that  the  toxicity 
of  the  dye  towards  the  latter  was  very  much  greater,  the  animals  suc- 
cumbing before  a  briUiant  vital  stain  was  obtained.  Amblystoma, 
although  surviving  longer  than  the  other  species  in  1  :  1000  and  1  :  1200 
solutions  of  the  dye,  had  several- drawbacks,  which  miUtated  against 
their  use.  For  example,  the  study  of  the  lymphatics  in  vivo  was  im- 
practicable, although  their  endothelium  has  the  same  aflSnity  for  trypan- 
blue,  because  of  the  dense,  opaque  chromatophores  and  melanophores 
which  characterize  this  species  of  amphibian,  and  also  on  account  of 
the  slow  rate  of  absorption  of  the  dye,  the  endotheUmn  frequently 
showing  no  trace  of  dye  before  the  twelfth  or  fourteenth  day. 

The  question  now  arises  as  to  the  significance  of  this  rather  striking 
distribution  of  trypan-blue  in  amphibian  larvae.  Leaving  out  the 
intestinal  tract,  which  is  concerned  only  in  the  transmission  of  the  dye 
to  its  final  destination,  and  also  the  kidney,  where  there  is  merely  an 
attempt  on  the  part  of  the  body  to  rid  itself  of  an  excess  of  foreign  mate- 
rial, the  only  cells  found  storing  the  dye  are  the  lymphatic  endotheUimi 
(throughout  its  entire  extent),  the  speciaUzed  endotheUum  of  the  Uver 
capillaries,  and  colonies  of  pyrrhol-cells  in  the  mesentery  and  omentimi. 
May  we  regard  the  lymphatic  endotheUum  of  the  amphibian  larva  as  an 
intermediate  stage  in  the  phylogeny  of  the  pjrrrhol-cell?  Could  we  but 
vitally  stain  the  amphibian  embryo  at  a  still  earUer  period,  it  would 
not  be  startling  to  find  the  blood-vascular  endotheUum  similarly  stained. 
This  is  borne  out  by  the  fact  that,  after  experimental  injury  to  the  blood- 
vessel waU,  its  endotheUal  lining-cells  apparently  resume  a  more  primi- 
tive and  embryonic  function,  as  evidenced  by  the  absorption  of  the  vital- 
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dye  by  the  damaged  endothelium.  It  would  seem  plausible,  theu,  to  in- 
fer that  this  phagocytic  potential  may  be  common  to  alt  endotheHum  in 
very  early  embryonic  life,  and  that  it  may  be  lost  progressively  by  the 
large  majority  of  endothelial  cells  during  their  later  development,  and 
finally  retained  only  by  scattered  groups  of  endothelial  cells  in  the 
liver,  bone-marrowj  spleen  and  lymph-glands.  What  relation  the 
fixed  phagocj^tes  in  adult  connective  tissue  bear  to  this  primitive 
phagocytic  endothelium  is  not  at  this  time  clear;  but  it  is  to  be  hoped^ 
that  the  additional  work  now  under  way,  on  amphibian  and  other  em- 
bryos, may  eventually  settle  this  much  discussed  question. 
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I.  introduction 

It  is  generally  conceded  that  stimulation  of  the  vagus  nerves  causes 
a  marked  reduction  in  the  amplitude  of  auricular  contraction  in  mam- 
mals.  Experiments  similar  to  those  reported  by  MacWilliam  in  1888 
(1)  have  been  frequently  redupUcated  by  experimental  investigators. 
When  the  movement  of  a  point  on  the  auricular  surface  (usually  the 
appendage)  is  transmitted  to  a  recording  lever  or  a  tambour  trans- 
mission sjrstem,  the  ampUtude  of  the  recorded  curves  becomes  gradu- 
ally smaller  during  weak  vagal  excitation  until,  in  some  instances,  com- 
plete stoppage  occurs.  Upon  cessation  of  stimulation  the  reverse 
process  follows;  the  beats  gradually  increase  in  ampUtude  imtil  a  range 
equal  to  or  exceeding  the  normal  occurs.  . 

In  the  foregoing  paper  (2)  it  was  pointed  out  that  not  only  does  the 
"suspension  curve"  not  represent  a  true  record  of  auricular  shorten- 
ing, but  the  myogram  recorded  by  an  efficient  myocardiograph  from 
two  approximating  points  is  not  necessarily  an  index  of  the  contraction 
process  as  it  affects  the  individual  units  of  auricular  muscle.  Evidence 
was  presented  which  favored  the  conception  that  the  contraction  proc- 
ess spreads  over  the  auricle  in  the  wake  of  the  excitation  wave  in  such 
a  manner  that  the  portions  nearer  the  sinus  node  begin  to  relax  before 
the  more  distal  portions  have  ceased  to  contract.  The  interval  that 
any  unit  of  cardiac  tissue  remains  in  the  contracted  state  was  desig- 
nated as  the  fractionate  contraction.  When  the  approximation  of  two 
distant  points  is  recorded,  the  shortening,  designated  as  the  mechanical 
contraction^  represents  the  algebraic  sum  of  fractionate  contractions 
and  relaxations  between  these  points. 
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It  is  evident  that  the  influence  of  the  vagus  nerves  on  the  contractile 
function  of  the  auricular  tissue  can  be  satisfactorily  tested  only  by 
utilizing  the  fractionate  contraction.  While  it  is  impossible  to  obtain 
a  record  of  the  contracted  state  of  a  small  imaginary  unit  of  auricular 
muscle,  it  seemed  probable  that  such  a  record  of  the  fractionate  con- 
traction could  be  approximately  realized  by  attaching  the  arms  of  the 
miniature  myocardiograph  to  points  only  3  or  4  nmi.  distant  on  the 
auricle.    Such  proved  to  be  the  case. 

In  figure  1  are  shown  two  exactly  superimposed  records  of  the  me- 
chanical contraction  (lower  curve)  recorded  from  points  18  nmi.  apart 
on  the  anterior  surface  of  the  right  amicular  and  the  fractionate  con- 
traction (upper  curve)  recorded  for  two  points  2.5  to  3  nmi.  apart 
near  the  distal  arm  of  the  other  myocardiograph  attachment.  The 
two  curves  show  distinct  differences  in  contour.  The  myogram  of  the 
fractionate  contraction  differs  from  that  of  the  mechanical  contraction 
in  the  following  respects: 

1.  The  onset  is  delayed  about  0.02  second  (e.g.,  point  A). 

2.  The  gradient  of  the  descending  limb  is  strai^t. 

3.  The  apex  is  acute. 

4.  The  ascending  limb  (relaxation)  coincides  with  that  of  the  mechani- 
cal contraction. 

II.   EXPERIMENTAL  RESULTS 

The  right  and  left  vagus  nerves  were  stimulated  in  a  total  of  26 
experiments.  The  strength  of  current  was  so  adjusted  that  a  moderate 
retardation  of  the  auricle  was  induced. 

Vagus  excitation  increases  the  amplitude  of  the  first  vagal  beat  but 
progressively  decreases  the  amplitude  of  succeeding  beats.  This  state- 
ment applies  alike  to  the  mechanical  and  fractionate  contractions,  as 
illustrated  in  figure  1.  The  increase  in  ampUtude  of  the  first  vagal 
beat,  which  appears  not  to  have  been  noted  by  less  sensitive  methods, 
was  present  without  exception  when  a  moderate  rate  of  retardation 
occurred.  This  increase  is  striking  when  a  long  diastolic  interval 
precedes  the  first  vagal  beat  but  requires  measurement  to  discover 
when  the  cycles  lengthen  very  gradually.  It  is  entirely  absent,  as 
shown  in  figure  2,  when  the  rhythm  during  vagus  excitation  remains 
unaltered.  This  shows  that  a  considerable  latent  period  elapses  be- 
fore the  depressing  effect  of  vagus  excitation  becomes  predominant 
over  some  other  influence  tending  to  augment  the  contraction.  What 
this  influence  is — whether  due  to  the  beneficial  influence  of  the  longer 
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Fig.  1.  The  fractionate  contr 


Fig.  2.  A,  Record  of  normal  fractionate  contraction  of  right  auricle. 


Fig.  3.  Two  records  of  fractionate  c 
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Fig.  4.    Record  of  the  fractionate  contraction  of 
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rest  period  which  precedes,  or  to  the  simultaneous  stimulation  of  antag- 
onistic nerve  fibers  in  the  vagus — can  not  be  absolutely  determined 
from  these  experiments.  The  fact  that  it  is  dependent  upon  the  length- 
ening of  a  preceding  diastole  strongly  favors  the  former  view. 

Figure  1  shows  that  after  the  first  vagal  beat  the  amplitudes  of  the 
mechanical,  as  well  as  of  the  fractionate  contractions,  progressively 
decrease.  Hence,  it  may  be  assumed  that  the  decrease  in  the  ampli- 
tude of  the  mechanical  contraction  is  due  to  a  corresponding  decrease 
in  the  contraction  of  each  fractionate  part  of  the  auricular  muscle. 

The  depressant  effect  an  the  contraction  of  the  right  auricle  is  exerted 
by  both  vagif  is  independent  of  any  dromotropic  action,  biU  is  always 
associated  with  variations  in  rate.  In  figm'e  3  of  the  previous  article, 
the  effect  which  stimulation  of  the  left  vagus  produces  on  the  mechani- 
cal contraction  is  shown.  Auriculo-ventricular  block  was  present, 
showing  that  this  nerve  exerted  a  marked  dromotropic  action  on  the 
a-v  bimdle  at  the  time  that  the  depression  of  auricular  contraction 
occurred.  A  comparison  with  figure  1  of  this  article,  where  no  dro- 
motropic action  is  evident,  shows  that  the  depressant  action  is  exerted 
equally  by  the  two  v^  and  can  not  be  secondary  to  changes  in  con- 
ductivity. Following  the  lead  of  Pawlow  (3)  and  others,  an  attempt 
was  made  by  stimulating  various  intrathoracic  branches  of  the  right 
vagus  nerve  to  obtain  an  effect  on  amplitude  independent  of  variations 
in  rh3rthm,  but  no  such  dissociation  could  be  elicited. 

The  depressant  effect  of  vagus  excitation  persists  when  the  rhythm  of  the 
auricle  is  maintained  by  regularly  applied  electriccd  stimuli.  The  first 
portion  of  figm'e  2  shows  a  series  of  normal  fractionate  contractions  of 
the  proximal  end  of  the  right  auricle.  The  next  section  shows  the 
fractionate  contraction  resulting  when  the  normal  pacemaker  was 
supplanted  by  an  artificial  series  of  electrical  break  shocks  given  at  a 
rate  somewhat  more  rapid  than  the  normal  rhythm.  Owing  to  the 
shorter  diastole  their  amplitude  is  smaller.  While  this  excitation  was 
maintained  the  right  vagus  was  stimulated.  The  customary  reduction 
in  amplitude  of  the  artificially  induced  contractions  occurred,  showing 
that  the  variation  in  amplitude  occurs  independently  of  the  chromo- 
tropic  action  of  the  vagus. 

The  depressant  vagus  effect  is  exerted  equally  and  simultaneously  on  the 
fractionate  contractions  of  the  proximal  and  distal  portions  of  the  right 
auricle.  Figure  3  shows  simultaneous  records  of  the  fractionate  con- 
tractions taken  from  the  proximal  (upper  curve)  and  distal  portion 
(lower  curve)  of  the  right  auricle.    The  lines  AB,  representing  synchro- 
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nous  points,  show  that  contraction  and  relaxation  of  the  proximal 
portions  of  the  auricle  precede  that  of  the  more  distal  portions.  Vagus 
excitation  in  this  instance  is  followed  by  two  larger  beats  after  which 
the  characteristic  depression  in  amplitude  results  in  both  curves.  Re- 
covery which,  owing  to  the  length  of  the  record,  can  not  be  reproduced, 
followed  in  reverse  fashion  but  synchronously  in  both  curves. 

Vagus  excitation  does  not  alter  the  duration  of  the  fractionate  contraction. 
On  account  of  the  sharp  apex  of  the  fractioncUe  contraction  curves 
there  is  no  difficulty  in  establishing  the  precise  onset  and  termination 
of  auricular  contractions.  Careful  measurement  of  curves,  such  as 
those  shown  in  figures  1,  2  and  3,  shows  absolutely  no  variation  in  the 
interval  of  fractionate  shortening  during  vagus  stimulation.  The 
gradient  of  the  down  stroke  becomes,  therefore,  less  steep.  The 
mechanical  contractions  recorded  from  more  widely  separated  points 
show  small  variations  in  the  duration  of  contraction.  Sometimes  there 
is  a  lengthening  and  sometimes  a  shortening  of  the  contraction  periods, 
but  as  these  variations  do  not  exceed  those  normally  occurring,  they 
are  apparently  not  significant.  The  reason  for  these  variations  can 
probably  be  found  in  the  explanation  advanced  in  the  preceding  paper — 
that  the  apex  does  not  represent  the  end  of  all  contraction  processes, 
but  a  balance  of  contracting  and  relaxing  fibers.  As  shown  in  figure  1, 
this  balance  shifts  slightly  during  vagus  excitation.  In  the  normal 
beats  previous  to  excitation  the  apex  of  the  fractionate  contraction 
falls  beyond  the  apex  of  the  mechanical  contraction.  In  the  first  two 
vagal  beats  they  coincide  and  in  the  third  beat  it  falls  on  the  ascending 
limb  of  the  mechanical  contraction.  These  results  emphasize  the 
importance  of  utiUzing  approximately  fractionate  contractions  in 
studying  the  fundamental  properties  of  the  auricle  muscle. 

Vagu^  excitation  reduces  the  irritability  of  auricular  musde  but  this 
can  not  account  for  the  fined  reduction  in  amplitude.  If  the  auricle  is 
excited  by  a  series  of  minimal  break  shocks  applied  at  a  rate  exceeding 
the  normal  rhythm  and  the  vagus  nerve  is  then  stimulated,  these  arti- 
ficial stimuli  may  become  subminimal,  as  shown  by  the  fact  that  the 
auricle  lapses  into  a  rate  equal  to  or  slower  than  its  normal.  An  indi- 
cation of  this  is  shown  in  figure  4.  After  vagus  stimulation  the  ampli- 
tude decreases  in  the  typical  manner.  The  artificial  tempo  is  at  first 
unaltered,  as  in  figure  2;  later,  as  shown  by  the  beats  Xy  x  the  artificial 
stimuU  become  subminimal  and  slower  beats  occasionally  appear. 
This  in  turn  may  be  followed  by  a  resumption  of  the  normal  or  a  slower 
rh3rthm.    While  such  experiments  show  that  the  vagus  depresses  the 
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irritability  of  auricular  tissue,  evidence  is  lacking  that  this  depression 
occurs  as  early  as  the  reduction  in  amplitude.  Diligent  efforts  to 
demonstrate  such  a  synchronous  and  early  reduction  of  irritability 
have  failed.  As  far  as  experimental  evidence  goes,  it  appears  that  the 
reduction  of  irritabiUty  follows  the  reduction  in  amplitude  and  is  not 
responsible  for  it. 

The  auricular  depression  following  vagu^  stimulation  is  independent 
of  changes  of  initial  intra-auriadar  pressure  and  initial  length.  In 
figure  3  of  the  preceding  paper  of  this  series  is  shown  a  record  in  which, 
during  vagus  stimulation,  a  gradual  dilatation  of  the  auricle  accompanies 
the  increase  of  intra-auricular  pressure.  The  initial  length  of  each 
successive  beat  increases,  as  shown  by  the  distance  of  the  points  A 
from  the  base  line.  A  similar  result  is  shown  in  figure  2.  As  the 
combined  increase  in  initial  length  and  initial  tension  tends  to  increase 
the  amplitude  of  contraction,  it  is  clear  that  the  reduction  of  ampUtude 
has  occurred  in  spite  of  these  factors. 

This  is  QOt  the  common  effect  of  vagus  stimulation  on  the  initial 
length,  as  indicated  by  these  experiments.  In  17  out  of  26  cases  the 
initial  length  decreased  shortly  after  the  onset  of  stimulation  (fig.  1) 
and  an  analysis  of  those  tracings,  accompanied  by  an  intra-auricular 
pressure  record,  shows  that  it  occurs  in  spite  of  an  increase  in  initial 
pressure  within  the  auricle.  These  cases  all  show  the  same  gradual 
reduction  in  the  ampUtude  of  the  mechanical  or  fractionate  contraction 
of  the  auricle. 

III.   THE    NATURE    OF    THE    VAGUS    INFLUENCE    OVER    AURICULAR 

CONTRACTION 

The  vagal  depression  of  auricular  contraction  has  been  assigned  to 
various  influences.  It  is  the  prevailing  opinion  that  it  is  not  secondary 
to  changes  in  the  intra-auricular  or  the  coronary  pressure.  Mac  Wil- 
liam (1)  found  the  depression  entirely  independent  of  the  degree  of 
stasis  or  the  height  of  intra-auricular  pressure.  This  was  confirmed 
by  these  experiments;  in  fact,  when  an  increased  initial  pressure  and 
decreased  initial  length  occur  one  would  expect  these  influences  to 
augment  rather  than  reduce  the  amplitude  of  contraction.  Langeur 
dorff  (4)  found  that  the  reduced  ampUtude  occurred  in  perfused  hearts 
without  variation  in  coronary  pressure  and  the  writer  obtained  similar 
records  years  ago. 

The  most  plausible  view  attributes  the  depressing  action  of  the  vagus 
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nerve  to  a  direct  influence  on  the  auricular  muscle.  The  nature  of  this 
influence  has  been  the  subject  of  extensive  experimentation  and  dis- 
cussion. Does  the  vagus  nerve  depress  the  fimction  of  contractility 
directly  or  is  this  function  inhibited  as  a  secondary  result  of  a  primary 
alteration  in  the  functions  of  rhythmicity,  conductivity  or  irritability? 
The  evidence  in  regard  to  the  proposition  that  such  secondary  causes 
are  concerned  may  be  briefly  reviewed: 

L  That  the  reduction  in  contraction  is  secondary  to  changes  in  rhythm. 
The  reduction  in  amplitude  of  the  auricular  contraction  is  usually 
associated  with  a  decrease  in  rate.  According  to  Fran9ois  Franck  (5) 
and  Bayliss  and  Starling  (6),  it  is  possible  by  vagus  excitation  to  elicit 
one  phenomenon  without  the  other.  This  could  not  be  confirmed  in 
this  research.  When,  however,  the  auricle  was  excited  by  electrical 
stimuU  well  above  the  minimal  in  strength,  excitation  of  the  vagus 
nerve  produced  a  reduction  in  the  amplitude  without,  of  course, 
modifying  the  rate.  These  results  show  the  complete  independence  of 
changes  of  rate  and  amplitude. 

2.  Thai  reduction  in  contraction  is  secondary  to  changes  in  canductivity. 
As  postulated  by  Englemann  (7),  a  depression  of  conductivity  may 
reduce  the  amplitude  of  contraction  in  three  conceivable  ways: 

(A)  The  velocity  of  the  excitation  wave  may  be  decreased  so  that 
the  interval  within  which  the  proximal  and  distal  units  of  auricular 
tissue  enter  into  contraction,  increases.  In  opposition  to  such  an 
assumption  Englemann  cites  the  following  evidence: 

(1)  No  delay  can  be  observed  between  the  contractions  of  different 
portions  of  the  frog's  auricle. 

(2)  The  duration  of  the  contraction  period  in  the  frog  is  shorter  and 
not  longer  during  vagus  excitation  (8),  (9). 

Both  of  these  observations  have  been  contradicted,  however,  in  the 
case  of  manmials;  the  former  by  Hering  (10)  who  professed  to  observe 
that  during  vagus  excitation  the  contraction  wave  progressed  more 
slowly  in  the  rabbit's  auricle;  the  latter  by  Klug  (11)  who  found  that 
the  duration  of  auricular  contraction  was  longer  after  vagus  excitation. 
Neither  of  these  observations  is  corroborated  by  later  work.  Of  more 
value  than  the  observations  of  Hering  because  they  were  carried  on  by 
methods  permitting  greater  accuracy,  are  the  results  of  Lewis,  Meakins 
and  White  (12).  They  found  that  the  rate  at  which  the  impulse  travels 
over  the  auricle  is,  to  judge  from  the  spread  of  the  electrical  wave,  not 
modified  by  vagus  stimulation.  Klug,  owing  to  the  method  employed, 
was  not  able  to  record  the  myogram  of  the  auricle  correctly.    The 
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evidence  submitted  in  this  paper  shows  that  the  duration  of  the  frac- 
tionate contraction  is  unaltered  by  vagus  stimulation. 

(B)  The  excitation  wave  may  be  blocked  so  that  it  fails  to  reach  the 
most  distal  portions  of  the  auricle.  In  consequence,  a  shorter  length 
of  auricular  tissue  would  contract  and  the  amplitude  would  be  reduced. 
This  view  has  been  discounted 

(a)  By  the  failiu^  to  observe  a  quiescent  region  in  the  more  distal 
portions  of  the  auricle  (E]nglemann) ; 

(b)  By  the  fact  that  a  negative  variation  does  spread  to  the  more 
distal  portions  (Lewis,  Meakins  and  White); 

(c)  By  the  fact  that  separate  records  of  the  proximal  and  distal 
portions  of  a  partially  clamped  amphibian  auricle  may  show  a  decrease 
in  amplitude  in  the  distal  segment  during  vagus  stimulation  without  a 
corresponding  decrease  in  the  proximal  region; 

(d)  By  the  fact,  shown  in  this  research,  that  the  records  of  the 
fractionate  contractions  taken  from  the  distal  and  proximal  portions 
of  the  mammalian  auricle  imdergo  a  simultaneous  and  proportionate 
decrease  during  vagus  stimulation. 

(C)  Without  any  impairment  of  longitudinal  conduction,  the  cross 
conduction  through  cardiac  fibers  may  be  impaired  during  the  vagus 
stimulation.  In  consequence,  a  smaller  cross  section  area  would  con- 
tract. The  fact  that  widespread  extraneous  stimuli  applied  to  the 
aiuicle  during  vagus  excitation  gives  rise,  not  to  .a  larger,  but  to  a 
smaller  contraction,  is  cited  by  Englemann  against  this  possibiUty. 

The  evidence  of  experimental  investigation  is  evidently  opposed 
to  the  assmnption  that  the  reduction  in  amplitude  of  auricular  con- 
tractions is  secondary  to  disturbances  of  conductivity. 

S.  That  the  reduction  in  amplitude  is  secondary  to  changes  in  irrita- 
bility. The  observations  of  MacWiUiam,  Englemann  and  others,  that 
stronger  stimuli  are  required  to  elicit  an  extra  contraction  during  vagus 
stimulation,  are  usually  cited  to  show  that  in  the  mammalian  and 
amphibian  auricle  a  distinct  bathmotropic  effect  is  induced  by  vagus 
stimulation.  The  diflSculty  in  applying  this  method  consists  in  excit- 
ing the  auricle  in  exactly  the  same  phase  of  relaxation.  More  distinct 
proof  may  be  gained  by  exciting  the  auricle  by  a  series  of  minimal 
artificial  stimuU.  Upon  vagus  excitation,  as  shown  by  Englemann  in 
the  case  of  the  frog^s  heart,  and  extended  to  the  mammalian  heart 
in  this  research,  these  stimuli  become  subminimal,  indicating  a  reduction 
of  irritability  of  the  cardiac  tissue.  It  was  pointed  out,  however,  that 
no  experimental  evidence  of  a  reduced  irritability  could  be  obtained 
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as  early  as  the  reduction  in  contraction  amplitude.  While  the  possi- 
bility that  the  decreased  initabiUty  following  vagal  excitation  is,  in 
part,  accountable  for  the  reduction  in  ampUtudc  must  be  borne  in 
mind,  experimental  evidence  does  not  favor  this  explanation  of  the 
early  reduction  in  amplitude. 

By  exclusion,  we  are  forced  to  the  conclusion  that  the  vagus  exerts 
a  depressing  influence  on  the  contractility  of  auricular  muscle.  There 
is  also  direct  evidence  that  such  a  negative  inotropic  effect  exists. 
Englemann  showed  that  when  the  frog's  auricle  is  stimulated  artifi- 
cially at  a  rate  exceeding  that  set  by  the  pacemaker  and  variations  in 
rh3rthm  and  irritabiUty  are  thus  avoided,  vagal  stimulation  still  de- 
creases the  ampUtude  of  auricular  contraction.  This  has  also  been 
shown  to  be  true  for  the  fractionate  contraction  of  the  mammalian 
auricle  by  the  experiments  reported  above. 

IV.   CONCLUSIONS 

1.  The  depression  of  the  mechanical  contraction  of  the  mammalian 
auricle  which  follows  vagal  excitation  is  due  to  an  actual  decrease  in 
the  contraction  of  the  individual  cardiac  units. 

2.  The  decrease  is  not  secondary  to  changes  in  rhji,hm  or  to  alter- 
ations in  conductivity. 

3.  The  decrease  may  be  favored  by  the  depression  of  irritabiUty 
produced  by  vagus  stimulation  but  is  primarily  due  to  the  depressant 
effect  of  the  vagus  on  the  function  of  contractiUty. 
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III.  The  Time  Relations  of  Auricular  Systole 
I.  the  events  of  auricular  systole  and  their  relation 

TO  VENTRICULAR  SYSTOLE 
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In  an  earlier  paper  (1)  the  term  "auriculpx  systole"  was  restricted 
to  the  interval  elapsing  between  the  inception  of  contraction  and 
the  maximal  shortening  of  the  entire  auricular  musculature.  Evidence 
was  presented  which  showed  why  it  is  impossible  to  calculate  this 
interval,  either  from  the  waves  of  the  intra-auricular  pressure  curve 
or  from  the  myogram  taken  individually.  Auricular  systole  extends 
from  the  first  rise  of  intra-auricular  pressure  to  the  apex  of  the  myo- 
gram curve.    Its  duration  averages  roughly  0.1  second. 

The  interval  elapsing  between  the  end  of  auricular  systole  and  the  be- 
ginning of  ventricular  systole  (determined  from  the  rise  of  the  intraven- 
tricular pressure  curve)  may  be  designated  as  the  irUersystolic  interval^ 

As  shown  in  figure  1,  this  interval  may  be  non-existent,  the  rise  of 
the  intraventricular  pressure  coinciding  absolutely  with  the  termina- 
tion of  the  myogram  curve.  Under  abnormal  conditions,  as  shown 
in  the  fourth  premature  ventricular  systole,  the  rise  of  intra-ventricular 
pressure  may  even  precede  the  termination  of  auricular  systole.  As 
a  rule,  however,  a  short  interval  is  found. 

As  shown  by  the  experimental  results  in  column  1  of  table  1,  the 
intersjrstolic  period  varies  from  0  to  0.068  second,  averaging  0.024 
second.  This  shows  that  the  contraction  and  relaxation  of  the  mam- 
malian chambers  are  so  timed  that  very  little  or  no  time  is  lost  between 

^  In  thus  defining  the  intersystolic  interval  the  writer  is  aware  that  the  term 
is  employed  frequently  but  with  little  reason  to  designate  the  interval  elapsing 
between  the  onset  of  auricular  and  ventricular  systoles;  i.e.,  synonymously 
with  Ag-Va  interval. 
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the  tennination  of  auricular  systole  and  the  inception  of  ventricular 
contraction. 

The  intersystolic  interval  added  to  the  period  of  total  systole  gives 
the  Ag-Va  interval;  i.e.,  the  time  elapsing  between  the  onset  of  auric- 
ular systole,  as  evidenced  by  the  first  rise  of  intra-auricular  pressure, 
and  the  onset  of  ventricular  systole,  as  evidenced  by  the  first  rise  of 


TABLE  1 


1 

2 

3 

4 

5 

EXPERIMENT 

IntereystoUc 
interval 

Total 
systole 

A«-V« 

interval 

Ratio 
Intenqrstolie 
Aa-V«  interval 

Interdynamic 
interval 

C75   VIII 

C77       VI 

C78      III 

C79       IV 

C80     XV 

C84         I 

C89         I 

C93 

second 

0.068 

0.020 

0.011 

0.045 

0.063 

0.040 

0.012 

0 

0.010 

0.028 

0 

0.014 

0.050 

0 

0.002 

second 

0.070 
0.126 
0.08 
0.126 
0.077 
0.14 
0.10 
0.124 
0.102 
0.14 
0.108 
^     0.130 
0.078 
0.11 
0.09 

•eoond 

0.138 

0.146 

0.091 

0.171 

0.14 

0.18 

0.112 

0.124 

0.112 

0.168 

0.108 

0.144 

0.128 

0.11 

0.092 

:   2 
:   7.3 
•  8.2 
3.8 
2.2 
4.5 
9.3 

0.014 
0  05 

C96 

1  :  10.2 
1  :   6 

1  :  10.2 
1  :   2.66 

C97 

C98 

ClOO      II 

C103    XI 

cue     I 

C124 

0.044 
0.025 

C70      VI 

C87 

0.075 
0.070 

C88 

0.013 

C90 

0.013 

C91 

0.038 

C121 

0.075 

Average 

0  024 

0.106 

0.13 

0.042 

intraventricular  pressure.  This  period  (column  3)  ranges  from  0.091 
to  0.18  second  and  averages  0.130  second.  Since  the  period  of  systole 
varies  independently  of  the  intersystolic  interval,  it  is  apparent  that 
the  Ab-Fb  interval  is  not  an  accurate  index  of  the  intersystolic  interval. 
In  column  4  of  table  1  it  is  shown  that  the  ratio  between  these  two 
periods  varies  from  1  : 2  to    1  :  10.2. 
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The  intra-auricular  pressure  continues  to  rise  only  during  the  early 
half  of  systole  and  declines  during  the  latter  portion.  This  was  first 
pointed  out  by  Ewing  (2)  and  was  confirmed  by  photographic  tracings 
of  the  writer  (1).  The  interval  between  the  maximum  intra-auricular 
pressure  and  the  onset  of  ventricular  systole  may  be  designated  as 
the  interdynamic  interval  because  any  influence  that  intra-auricular 
pressure  might  have  upon  the  initial  intraventricular  pressure  steadily 
diminishes  as  the  duration  of  this  period  increases.  This  interval  is 
obviously  longer  than  the  intersystolic  interval  and  in  dynamic  con- 
siderations is  much  more  important.  The  results  of  column  5  in  table 
1  show  that  this  period  varies  from  0.013  to  0.075  second,  averaging 
0.042  second.  It'  is  proportional  neither  to  the  A.-V*  interval  nor 
to  the  intersystolic  period,  as  is  evidenced  by  a  comparison  both  of 
average  figures  and  of  the  actual  figures  in  the  same  case. 

II.  THE  RELATION  OF  AURICULAR  SYSTOLE  TO  THE  WAVES  OF  THE 
VENOUS  PULSE  AND  THE  ELECTROCARDIOGRAM 

In  the  experiments  analyzed  in  this  and  a  preceding  paper  a  con- 
siderable variation  existed,  not  only  in  the  duration  of  various  phases 
of  auricular  systole  but  in  their  relation  to  ventricular  contraction. 
The  possibility  must  always  be  borne  in  mind  that  this  may  be  due 
to  variable  disturbances  incident  to  exposure  and  cooling  of  the  heart, 
abnormal  circulatory  derangements  consequent  upon  an  abolition  of 
the  negative  intrathoracic  pressure,  etc.  It  would,  therefore,  be  very 
desirable  to  obtain  data  in  regard  to  the  auricular  systole  and  its 
relation  to  ventricular  systole  from  unoperated  animals  and  man.  In- 
asmuch as  the  time  relation  of  the  venous  pulse  and  electrocardio- 
gram are  often  considered  of  value  in  such  determinations,  it  is  im- 
portant to  establish  their  relations  to  the  dynamic  changes  occurring 
within  the  heart  chambers. 

In  obtaining  multiple  records  of  different  cardiac  events  by  photo- 
graphic projection,  it  is  important,  as  has  been  many  times  emphasized 
(3),  (4),  (5),  that  the  optical  mirrors  must  be  aligned  in  the  same  ver- 
tical plane  if  the  records  are  to  be  precisely  over  one  another  at  any 
moment.  As  this  is  sometimes  difficult,  proper  corrections  for  dis- 
placements must  be  made  by  briefly  exposing  the  paper  while  it  is 
not  moving.  T*^e  relative  point  at  which  each  record  starts  after 
opening  the  shutter  may  be  used  as  a  correction  provided  the  photo- 
kymograph  is  so  constructed  that  the  paper  is  running  evenly  at  the 
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moment  when  the  shutter  is  first  opened  and  provided  also  that  the 
shutter  exposes  all  parts  of  the  slot  equally  and  simultaneously.^ 

Relation  to  the  waves  of  the  venous  pulse.  The  time  relations  of  the 
presystolic  wave  of  the  external  jugular  pulse  recorded  from  the  lower 
cervical  region  by  a  covered  receiving  tambour  connected  with  a  Frank 
capsule,  are  shown  in  figiu*e  2.  The  jugular  pulse  consists  of  a  presys- 
toUc  wave  P,  a  systoUc  impact  5,  followed  in  this  case  by  a  large  after 
oscUlation  due  to  a  light  apposition  of  the  receiving  tambour.  The 
second  sound  occurs  at  Sj  after  which,  owing  to  the  short  diastole,  only 
a  small  diastolic  wave  follows.  In  this  case,  the  onset  of  auricular 
systole,  as  indicated  by  the  rise  of  intra-auricular  pressure,  preceded 
the  rise  of  the  jugular  pulse  0.06  second.  Considerable  variation  of 
this  figure  exists,  however,  as  shown  in  table  2.    The  actual  delay  is 

TABLE  2 


BXPBBIMENT 

TOTAL  SrSTOLB 

DYNAMIC 
INTBRVAL 

PRB0T8TOUC  WAVB 

(RUB) 

DBLAT  IN 

PBBSTmOLIC 

WAVB 

C75 

teeond 
0.070 
0.126 
0.080 
0.126 
0.102 
0.100 

•eamd 
0.041 
0.038 
0.042 
0.062 
0.050 
0.037 

9eeond 
0.045 
0.043 
0.043 
0.055 
0.049 
0.038 

teamd 
0  092 

C77 

0  056 

C78 

0  038 

C79 

0  071 

C96 

0.048 

C121 

0.060 

Average 

0.101 

0.045 

0.0455 

probably  largely  determined  by  the  distance  from  the  auricle.  When 
the  pulsations  are  recorded  directly  from  the  superior  vena  cava  the 
delay  becomes  very  small. 

The  duration  of  the  rise  of  the  presystolic  wave  is  apparently  shorter 
than  the  total  systole  but  corresponds  closely  to  the  dynamic  interval. 
This  is  shown  by  a  comparison  of  the  rise  with  the  total  systole,  x-y, 
and  the  dynamic  interval,  a-b  (fig.  2),  as  well  as  by  the  figures  given 
in  table  2. 

Inasmuch  as  the  summit  of  the  presystolic  wave  (although  delayed) 
corresponds  to  the  summit  of  the  auricular  wave  of  the  intra-auricular 
pressure,  and  as  the  latter  does  not  represent  the  end  of  auricular  sjrs- 

^  The  onset  of  the  tracings  is  not  indicated  in  the  reproductions  of  this  article 
owing  to  the  fact  that  they  were  slightly  shortened  during  the  process  of 
engraving. 
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Fig.  1.  Synchronous  records  of  right  auricular  myogram  and  left  intraven- 
tricular pressure.  Points  exactly  superimposed.  B,  end  of  auricular  systole; 
C,  onset  of  ventricular  ejection;  D,  end  of  auricular  ejection;  E,  end  of  relaxa- 
tion. Showing  absence  of  an  intersystolic  interval  and  correspondence  of  changes 
between  intraventricular  pressure  and  accidental  auricular  movements.  In 
the  third  beat  a  premature  ventricular  systole  occurs  before  the  end  of  auricular 
systole. 


Fig.  2.  Right  intra-auricular  pressure  (upper  curve) ;  a,  beginning  of  auricular 
systole;  a-6,  dynamic  interval;  c,  systole  variation.  Right  auricular  myogram 
(middle  curve) ;  x-i/,  period  of  auricular  systole.  External  jugular  pulse  (lower 
curve);  P,  presystolic  wave;  S,  systolic  wave;  S^  second  sound;  D,  diastolic 
wave.  IjBiS,  duration  of  auricular  wave.  Lines  M  show  displacement  of  points 
due  to  alignment  of  recording  apparatus. 
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Fig.  3.  Ventricular  sounds  (upper  curve);  light  intra-auricular  pressure 
(second  curve);  right  auricular  myogram  (third  curve);  electrocardiogram, 
lead  II  (bottom  curve).  P,  relative  lalignment  of  points.  Numerals  i,  f,  S,  4i 
5r  synchronous  points  on  records. 


Fig.  4.  Right  intra-auricular  pressure  (upper  curve).    Right  auricular  myo 
gram  (second  curve).     Ventricular  sounds  (third  curve).    Electrocardiogram, 
lead  II   (bottom  curve).     Numerals   same  as  in  preceding  figure.    Time  0.05 
second. 
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tole,  //  tj?  obviously  impossible  to  estimate  the  intersystolic  interval  from 
(he  jugular  uHives,  Are  we  justified  in  using  the  interval  extending 
from  the  summit  of  the  presystoUc  wave  to  the  arterial  impact  as  an 
index  of  the  interdynamic  intervalf  To  obtain  equaUty  it  is  necessary 
that  the  delay  occasioned  m  venous  transmission  should  be  very  nearly 
offset  by  the  delay  in  arterial  transmission  plus  the  isometric  interval. 
In  figure  2  the  interd>Tiamic  interval,  6-c,  equals  0.06  second;  the  equiva- 
lent period,  2-3,  in  the  venous  pulse  also  equals  0.06  second.  Similar 
relations  are  shown  in  results  arrayed  in  table  3.  Evidently,  the  a-c 
interval  averages  alx)ut  0.015  second  less  than  the  true  inter-dynamic 
interval.  An  approximation  of  the  interdynamic  interval  may  there- 
fore l)c  made  only  roughly  in  normal  rhythms. 

TABLE  3 


BZPBRIMCNT 

INTSRDTNAMIC  INTKRTAL   ESTIMATED  FROM 

Intra-auricular  pressure 

Jugular  pulae 

CM 

second 
0.14 
0.13 
0.05 

0.038 
0.076 

gecond 
0.131 

C88 

0.096 

C89 

0.028 

C91 

0.048 

(M25 

0.060 

Average 

0.087 

0.0726 

Since  the  rise  of  the  presystolic  wave  very  nearly  equals  the  dynamic 
interval,  the  duration  of  the  A.-V.  interval  may  be  approximated  by 
the  a-c  interval.  Unfortunately,  this  is  of  Uttle  scientific  value  l>e- 
cause  the  A.-V.  interval  is  not  proportional  to  the  intersystolic  inter- 
val and  its  relation  to  the  conduction  time  is  questionable.  The 
writer  has  elsewhere  (6)  discussed  the  assumptiop  that  must  be  taken 
for  granted,  especially  in  pathological  cases  when  the  Aa-V,  interval 
is  used  as  a  criterion  of  conduction  time. 

Relation  to  the  waves  of  the  electrocardiogram  lead  II ,  The  relations 
of  the  intra-auricular  pressure  variations  to  the  waves  of  the  electro- 
cardiogram taken  by  lead  II  have  been  recently  reported  by  Garten 
and  Weber  (7).  Their  results  will  be  referred  to  in  comparison  with 
those  yielded  by  a  consideration  of  nine  experiments  in  which  the  auric- 
ular myogram  was  also  recorded.  Figure  3  shows  such  a  record.  The 
first  electrical  variation  starts  at  1.     It  precedes  the  rise  of  intra-auric- 
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ular  pressure,  2,  by  an  interval  of  0.022  second  and  the  onset  of  me- 
chanical shortening,  3,  by  0.033  second.  The  former  figure  was  dupli- 
cated or  approximated  in  other  experiments  (cf.  figs.  4  and  5)  and 
agree  with  the  results  of  Qarten  and  Weber  who  report  variations 
from  0.013  to  0.021  second. 

The  precise  relation  of  the  onset  of  the  intra-auricular  pressure 
rise  to  the  P  wave  variesslightly.  It  may,  as  shown  in  figure  3,  occur 
precisely  at  the  summit  of  the  P  wave.  This  also  accords  with  the 
tracings  pubhshed  by  Garten  and  Weber.  It  was  found  more  fre- 
(juently,  as  shown  in  figures  4  and  5,  to  come  somewhat  earlier.  While 
there  is  no  precise  relation  between  the  mechanical  systole  and  the 
P  wave  of  the  electrocardiogram,  the  sunmiit  of  the  P  wave  may,  with- 
out great  error,  be  taken  as  indicating  the  approximate  onset  of  auric- 
ular systole. 

The  relation  between  the  end  of  mechanical  systole  and  the  waves 
of  the  electrocardiogram  is  still  more  variable.  In  figure  3,  auricular 
systole  does  not  terminate  until  the  completion  of  the  R  wave,  4,  and 
this  is  followed  after  a  short  interdynamic  interval,  5,  by  ventricular 
systole,  as  indicated  both  by  the  heart  sounds  and  intra-auricular 
pressure  curve.  This,  it  may  be  emphasized,  proved  later  than  the 
average  cases  in  which,  as  shown  in  figures  4  and  5,  it  terminated  just 
before  or  after  the  peak  of  the  R  wave.  According  to  these  results, 
auricular  systole  does  not  terminate  until  ventricular  excitation  is 
well  under  way. 

III.    PHYSIOLOGICAL    IMPORTANCE   OF   RESULTS 

The  data  collected  in  this  and  the  two  preceding  papers  enables 
us  to  state  with  greater  precision  the  details  of  the  cardiac  cycle. 

About  0.02  second  after  an  impulse  is  emitted  from  the  sino-auric- 
ular  node  the  right  auricle  begins  to  contract,  as  evidenced  by  the 
rise  of  intra-auricular  pressure.  The  precise  onset  of  this  mechanical 
snortening  can  not  be  determined  from  the  waves  of  the  venous  pulse 
but  may  be  approximated  by  the  peak  of  the  P  wave  taken  by  lead 
II.  This  mechanical  shortening  is  due  to  a  series  of  fractionate  con- 
tractions which  spread  across  the  auricle  in  the  wake  of  the  excitation 
wave.  The  auricle  continues  to  shorten  as  long  as  the  contracting 
units  of  cardiac  tissue  over-balance  the  relaxing  units.  As  soon  as  an 
exact  balance  is  established  no  further  shortening  is  possible  and  the 
termination  of  the  systole  has  come.    This  period  lasts  about  0.11 
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second.  The  contraction  of  the  auricle  exerts  a  dynamic  action  by 
elevating  intra-auricular  pressure.  This  occurs  early  in  systole  but 
continues  for  only  0.05  second;  during  the  remainder  of  systole  the 
intra-auricular  pressure  falls.  This  dynamic  interval,  as  the  period 
during  which  pressure  rises  is  called,  may  be  estimated  from  the  rise 
of  the  presystolic  wave  of  the  venous  pulse,  a-wave,  but  the  total 
duration  of  systole  can  be  determined  neither  from  the  venous  record 
nor  the  electrocardiogram. 

The  auricle  continues  to  contract  after  excitation  of  the  ventricle 
has  occurred,  as  shown  by  the  fact  that  it  terminates  during  the  R 
variation  of  the  electrocardiogram.  The  ventricle  normally  never 
contracts  until  auricular  systole  is  completed.  Occasionally  ventricular 
systole  follows  inMnediately  but  usually  an  intersystohc  interval, 
averaging  0.024  second,  intervenes.  The  duration  of  this  interval 
can  be  accurately  determined  neither  from  the  jugular  tracing  nor  from 
the  electrocardiogram.  The  a-c  interval  of  the  jugular  pulse  in  normal 
and  regular  rhythms  very  nearly  equals  or  at  least  varies  with  the  A,- 
S,  interval,  but  the  latter  is  not  a  criterion  of  the  intersystohc  inter- 
val and  does  not  vary  with  it. 

It  is  evident  from  this  work  and  that  of  previous  investigators  that 
the  electrocardiogram  is  capable  of  showing  (1)  the  time  of  emission 
of  an  impulse  from  the  sinus  node  (P  wave);  (2)  approximately  the 
onset  of  auricular  systole  (summit  of  P  wave)  and  (3)  the  conduction 
time  between  sinus  and  ventricle  {P-R  interval).  The  venous  pulse 
gives  neither  the  onset  of  auricular  systole  nor  its  duration  but  the 
dynamic  interval  of  systole  may  be  calculated  from  the  rise  of  the 
presystohc  wave. 
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Tissues  in  which  prolonged  periods  of  great  activity  alternate  with 
long  periods  of  nearly  complete  rest  are  unusual  in  animals.  Full}' 
differentiated  and  functionally  active  tissues  which  imdergo  a  perma- 
nent and  sudden  change  from  a  very  low  state  of  activity  to  a  much 
higher  one  are  also  uncommon  in  animals.  Some  of  the  reproductive 
tissues  of  birds  are  admirably  adapted  to  securing  tissue  samples  in 
which  this  contrast  is  most  pronounced.*  Such  contrasting  states 
of  the  .tissue  may  here  be  obtained  moreover  without  the  least  artificial 
stimulation  or  restriction  of  any  of  the  habits,  powers,  or  processes 
of  the  animal.  The  chemical  differences  observed  in  tissues  so  ob- 
tained should  therefore  be  of  considerable  interest. 

Mayer  and  Schaeffer  (1)  foimd  that  the  tissues  of  some  hibernating 
animals  show  seasonal  fluctuations  in  their  content  of  lipoid  phosphorus. 
And,  further,  when  the  body  temperature  of  warm-blooded  animals  is 

^  A  fact  deserving  consideration  is  that  in  animals  the  reproductive  sjrstem, 
of  all  the  S3r8tem8  of  the  organism,  is  the  most  easily,  and  most  profoundly  af- 
fected by  environmental  and  intraorganic  change.  Darwin  made  the  following 
observation:  "Many  facts  clearly  show  how  eminently  susceptible  the  reproduc- 
tive system  is  to  very  slight  changes  in  the  surrounding  conditions.  Nothing 
is  more  easy  than  to  tame  an  animal,  and  few  things  more  difficult  than  to  get 
it  to  breed  freely  under  confinement,  even  when  the  male  and  female  unite." 
(Origin  of  Species.)  This  fact  then  also  invites  a  comparison  of  analytical  data 
from  these  tissues  in  their  functional  and  non-functional  states.  The  further 
fact  that  the  tiine  relations  of  ovulation,  and  of  other  activities  of  the  repro- 
ductive organs,  are  easily  ascertained  in  birds — much  more  easily  than  in  either 
mammals  or  reptiles — is  an  additional  and  valuable  asset  in  the  prosecution  of 
such  studies. 
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either  raised  or  lowered  to  proper  levels,  the  Upoid  phosphorus  shows 
marked  variations,  and  these  variations  by  no  means  always  parallel 
the  variation  in  total  fatty  acids.  Finally,  the  work  of  Mayer  and 
Schaeflfer  would  seem,  in  the  main,  to  indicate  that  changes  in  the  physio- 
logical activity  of  the  tissues  (lungs,  liver)  studied  are,  in  a  majority  of 
cases,  associated  with  an  increase  of  phosphatides  in  the  tissue.  The 
probable  rdle  of  the  phosphatides  of  the  cell  has  recently  been  rather 
fully  treated  by  Mathews  (2,  chapters  3  and  13). 
The  present  studies  deal  with  two  general  types  of  tissue: 

(1)  The  follicular  membrane,  the  immediate  envelope  of  the  grow- 
ing ovum.  This  membrane,  from  ovarian  ova  of  the  fowl,  was  obtained 
at  various  stages  of  its  activity,  two  stages  of  which  have  been  shown — 
in  the  first  of  this  series  of  studies  (3) — ^to  contrast  as  the  figures  1 :  25.8 
in  the  rate  at  which  the  constituents  of  yolk  pass  through  this  membrane. 

(2)  The  oviduct  of  the  fowl,  which  was  always  divided  for  analy^ 
into  two  of  its  fimctionally  differentiated  parts;  (a)  the  lower  (posterior) 
shell  secreting  gland  or  uterus;  and  (b)  the  upper  (anterior)  albumen 
secreting  portion.  The  functioning  glands  (oviducts  containing  e^s) 
are  contrasted  with  oviducts  free  from  the  presence  of  eggs  (i.e.,  with- 
out the  eflScient  stimulus  to  the  secretory  activity  of  these  glands)  for 
longer  and  shorter  periods. 

Our  analyses  of  the  follicular  membranes  were  made  in  1910-1911. 
The  results  of  these  analyses  give  some  support  to  the  view  •that  a 
change  in  rate  of  activity,  in  the  direction  of  greater  activity  of  the 
tissue,  is  accompanied  by  an  increased  phosphatide  content  of  the  tissue; 
but,  after  the  change  in  activity  is  effected,  the  percentage  of  phos- 
phatides is  Uttle,  if  at  all,  higher  than  in  the  period  which  preceded 
the  change.  Our  evidence  on  these  points  would  be  much  strengthened 
if  the  per  cent  of  solids  in  this  tissue  had  proved  to  be  larger,  or  if  the 
preparation  of  larger  samples  had  not  been  discouraged  by  the  exces- 
sive tediousness  of  the  process  of  freeing  and  cleaning  these  minute 
membranes. 

The  phosphorus  values  obtained  from  the  albumen  secreting  portion 
of  the  oviduct  clearly  show  that  the  resting  gland  (i.e.,  one  that  has 
not  functioned  for  three  or  four  days,  and  will  not  again  function  for  a 
similar  period),  contains  a  higher  percentage  of  alcohol-ether  soluble 
phosphorus  than  does  the  same  gland  a  few  hours  before,  or  a  few  hours 
after,  the  actual  discharge  of  albumen.  The  alcohol-ether  insoluble 
phosphorus  also  seems,  in  a  much  less  pronounced  way,  to  follow  the 
same  rule.    The  several  facts  obtained  on  the  composition  of  the 
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various  tissues  studied,  and  on  the  relation  of  rest  and  activity  to  vari- 
ations in  composition,  will  later  be  considered  in  detail. 

METHODS  OP  PREPARATION  AND  ANALYSIS 

Analysis.  The  methods  of  analysis  used  with  the  follicular  mem- 
branes are  those  fully  described^  by  Koch  (4),  and  arathe  same  as  were 
used  and  briefly  described  in  the  several  previous  papers  of  this  series 
of  studies.  This  includes  a  four-hour  extraction  with  alcohol,  followed 
by  a  one-hour  extraction  with  ether,  and  this  by  another  twelve-hour 
alcohol  extraction  in  a  Koch  apparatus.  The  alcohol-soluble,  water- 
insoluble  phosphorus  was  determined  by  the  Neumann-Pemberton 
method  and  in  all  of  the  tabulated  data  was  calculated  (no.  cc.  of  f 
NaOH  used  x  0.6742  mgm.;  then  this  figure  x  25.75)  as  lecithin  (phos- 
phatides). Other  phosphorus  than  lipoid  phosphorus  forms  a  part  of 
the  figures  for  ash. 

The  analysis  of  the  oviducal  tissues  was  shortened  (extraction  same 
as  before)  to  estimations  of  moisture,  alcohol-soluble  and  alcohol- 
insoluble  fractions,  and  to  phosphorus  determinations  on  the  whole  of 
each  of  these  two  fractions.  The  phosphorus  of  the  oviduct  was 
calculated  as  P2O6. 

Preparation.  The  follicular  membranes,  of  the  several  sizes,  were 
obtained  from  the  ovaries  of  laying  hens.  The  ovaries  were  taken 
immediately  from  the  just-killed  hens.  The  dimensions  given  for  the 
membranes  are  those  of  the  diameters  of  the  ovarian  ova  which  they 
surrounded. 

The  preparation  of  the  four  samples  imder  a  and  6  was  an  extraor- 
dinarily tedious  task.  The  second  sample  imder  a  for  example  re- 
quired the  use  of  1020  follicles.  The  eggs  of  appropriate  size  were 
stripped  of  the  thecal  with  fine  forceps;  the  remaining  follicular  mem- 
brane was  then  slit  open,  over  about  one-half  of  its  circumference  with 
fine  scissors,  and  all  traces  of  yolk  quickly  washed  from  the  interior  with 
distilled  water.  The  immersed  membrane  in  water  tends  to  retain  or 
re-assume  its  roimd  shape,  and  after  a  few  light  rapid  strokes  with  a 
smooth  blunt  instrument  it  becomes  perfectly  transparent  and  clean. 
It  is  then  dried  to  approxhnately  normal  weight  on  filter  paper.  Un- 
fortunately these  membranes  proved  to  have  a  lower  per  cent  of  solids 
than  was  expected;  and  since  the  labor  of  obtaining  the  clean  membranes 
was  excessive,  the  size  of  many  or  most  of  these  samples  proved  to  be 

'  The  sulphur  determinations  are  omitted  in  all  our  analyses. 
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smaller  than  is  desirable.  The  figures  obtained  from  the  smallest 
samples  are  probably  not  wholly  reliable  even  for  the  first  two  (alcohol- 
soluble  and  alcohol-insoluble)  fractions  obtained. 

Oviducts  were  obtained  in  varying  stages  of  rest  and  activity.  E^ch 
complete  oviduct  (less  the  vaginal  portion)  was  dividfed  at  the  line  of 
the  isthmus  into  the  upper  albumen  secreting  portion  (plus  the  funnel) 
and  the  lower  shell  gland  (plus  the  isthmus,  which  secretes  the  shell 
membrane).  Care  was  taken  not  to  include  in  the  samples  of  shell 
gland  any  of  the  fat  which  often  overlies  the  vagina  and  sometimes 
extends  upon  the  shell  gland.  The  oviducts  were  taken  fresh  and 
warm  from  hens  whose  eggs  had  been  trap-nested.  The  fresh  samples 
were  weighed,  thoroughly  crushed  in  a  porcelain  crucible  and  preserved 
for  two  to  four  weeks  before  anah'^is  in  large  quantities  of  95  per  cent 
alcohol. 

THE   COMPOSITION   OP  THE   FOLLICULAR  MEMBRANE 

The  two  analyses  under  a  of  table  1  are  of  membranes  from  the  slow- 
growing  ova  of  3  to  4.5  and  3  to  5.5  mm.  diameter.  The  ova  enveloped 
by  these  membranes  contain  only  white  yolk,  and  this  yolk,  as  noted 
above,  passes  through  the  membrane  at  about  one  twenty-fifth  of  the 
rate  at  which  yolk  later  passes  through  these  membranes  (3).  The  data 
from  these  two  analyses  indicate  that  in  this  young  and  relatively 
inactive  stage  the  membrane  contains  less  phosphorus  than  in  stage  6, 
the  stage  in  which  the  shift  to  a  greatly  increased  transfer  of  yolk 
material  occurs.  The  amount  of  phosphorus  in  these  smallest  mem- 
branes is,  however,  nearly  equivalent  to  the  phosphorus  content  of  the 
much  larger  membranes  after  the  period  of  increased  activity  is  estab- 
lished (d  and  dd). 

The  two  analjrses  (b)  of  membranes  taken  closest  to,  and  including, 
the  period  of  an  enormous  increase  in  the  passage  of  yolk  materials 
through  the  membrane  differentiate  themselves  from  all  of  the  other 
analyses  in  showing  extremely  high  phosphatide  values.  One  of  the 
two  samples  yielded  a  very  high  alcohol-soluble  fraction  (27.46),  but 
the  other  (15.98)  is  not  above  the  average  in  this  respect.  It  seems 
probable  that  these  two  samples  which  yielded  the  highest  phosphorus 
values  contained  the  smallest  amounts  of  neutral  fat.  The  data  cer- 
tainly indicate  that  the  membrapes  at  this  the  period  of  change  in 
degree  of  activity  contained  least  neutral  fat  in  proportion  to  phos- 
phorus soluble  in  alcohol  and  insoluble  in  water.  These  analyses 
therefore  indicate  that  at  the  period  of  a  change  in  the  activity  of  these 
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membranes  (to  a  much  higher  activity),  the  phosphatide  content  of 
the  tissue  was  increased,  and  the  neutral  fat  content  was  diminished. 

These  data  are  of  further  interest  in  connection  with  the  Overton 
theory  of  the  permeability  of  membranes.  They  suggest  that  among 
the  hpoids  the  phospholipins  play  the  chief  part  in  a  greatly  increased 
permeability  of  membranes.  The  fact  of  an  enormous  increase  in  the 
rate  of  transference  of  substances  through  this  membrane  at  this 
period  (5  to  6  mm.)  is  firmly  established  (3) ;  at  this  point  this  membrane 
increases  by  about  twenty-five  times  its  previous  rate  of  passage 
(or  secretion?)  of  yolk  constituents  to  the  ovum.  At  this  same  p)eriod 
the  ratio  of  phosphatides  to  neutral  fat  is  by  far  the  most  extreme 
found  in  the  entire  series  of  analyses.  It  may  be,  of  course,  that  in 
this  period  of  the  growth  and  activity  of  this  tissue  an  unusual  per- 
centage of  alcohol-ether-soluble  and  water  insoluble  phosphorus 
exists  in  molecules  much  smaller  than*  that-  of  lecithin,  and  but  little 
in  the  form  of  lecithin.  This  point  has  not  been  investigated.  The 
data  indicate,  however,  that  the  amount  of  phosphorus  having  the 
solubilities  just  noted,  in  relation  to  neutral  fat,  is  much  higher  than 
that  usually  foimd  in  other  stages  of  the  existence  and  activity  of  this 
tissue.* 

That  the  imusually  high  proportion  of  phosphatides  of  analyses  a 
to  d  are  not  to  be  accounted  for  by  contamination  of  the  membranous 
tissue  with  yolk  is  shown  by  the  fact  (5)  that  in  the  egg  yolk  of  the  fowl 
the  ratio  of  phosphatides  to  fats  (analyses  and  calculation  the  same) 
is  11:  25  (yellow  yolk),  and  11:  23  (white  yolk).  The  substance  that 
passes  through  all  these  membranes  is  therefore  much  richer  in  neutral 
fat  than  in  lecithin;  but  the.  membrane  through  which  these  substances 
pass,  at  one  important  stage  at  least,  contains  these  substances  in 
wholly  reversed  proportions. 

The  membranes  composing  analysis  "dd"  are  not  wholly  comparable 
with  the  preceding  membranes,  since  only  the  theca  externa,  bearing 
the  large  blood  vessels,  was  stripped  from  these  nearly  mature  follicles; 
leaving  here  both  the  theca  interna  and  follicular  membrane.  The 
above-mentioned  ratio  of  phosphatides  to  fat  obtains  also  in  this  tissue. 

*  In  analysis  c  some  membranes  from  the  period  of  changing  permeability 
(5  to  6.5  mm.)  were  included,  and  the  values  found  in  this  analysis  should  be 
intermediates  of  those  for  b  and  d.  Apparently  they  are  not.  The  incomplete 
precipitation  of  lipoid  phosphorus,  and  the  iinknown  proportions  of  smaller  and 
larger  membranes  in  the  sample,  make  the  value  of  the  analysis  somewhat  un- 
certain. 
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This  relation  does  not  persist,  however,  in  the  (entire)  follicles  or 
capsules  which  have  completed  and  entirely  passed  their  functional 
period  (analysis  e).  In  this  stage  phosphatides  are  to  the  fats  as  about 
13:20.  This  is,  of  course,  a  degenerating  tissue,  and  on  this  basis 
its  high  fat  content  is  to  be  expected.  If,  however,  there  exists  in 
birds  a  tissue  comparable  with  the  corpus  Ivieum  of  mammals,  an  im- 
probable supposition,  then  that  tissue  should  be  included  in  this  ma- 
terial, the  degenerating  foUicle.  It  may  be  noted  that  the  amounts 
of  water,  fat  and  protein  in  this  tissue  depart  from  the  corresponding 
amounts  in  all  of  the  preceding  tissues,  and  in  the  direction  of  the 
amounts  characteristically  foimd  in  mammalian  luteal  tissue. 

Several  of  the  analyses  were  made  on  smaller  amounts  of  tissue  than 
is  desirable,  because  as  already  noted,  the  preparation  of  the  smaller 
membranes  is  an  extremely  tedious  task  and  requires  the  sacrifice 
of  many  animals.  The  figures  obtained  for  ash  and  organic  extractives 
from  the  smallest  of  these  samples  are  probably  too  high.  Even  in  the 
more  adequate  samples,  however,  the  percentage  of  waternsoluble 
organic  substance  is  notably  high. 

The  moisture  figures  on  the  series  of  membranes  is  of  interest.  Al- 
though considerable  amounts  of  connective  tissues  are  present  in  all 
these  membranes  the  water  content  ranges  from  80.5  per  cent  to  88.0 
per  cent.  We  do  not  believe  that  these  samples  as  prepared  and 
weighed  departed  at  all  widely  from  their  normal  state,  though  the 
possibility  for  increase  or  decrease  was  present  in  all  cases.  In  the 
table  the  accuracy  of  all  moistitfe  figures  is  questioned. 

THE  COMPOSITION  OP  THE  OVIDUCAL  TISSUES 

The  shell  gland.  In  table  2  the  oviducal  tissues  are  arranged  in 
order  of  their  activity;  or  better,  the  shell  glands  are  arranged  in  the 
order  of  imminence  of,  or  readiness  for,  their  period  of  secretory  activity. 
The  glands  that  would  soonest  have  come  into  full  activity  are  placed 
in  the  top  rows  of  the  table. 

Noting  first  the  phosphorus  values  it  will  be  seen  that  the  three 
oviducts  (122,  120,  126)  which  were  ready  for  their  highest  activity 
do  not  consistently  diper  in  the  amount  of  alcohol-ether  soluble  phos- 
phorus from  the  inactive  glands  (124,  130,  128).  On  the  other  hand, 
the  alcohol-insoluble  phosphorus  seems  to  be  present  in  somewhat 
greater  amount  in  the  active  than  in  the  inactive  glands.  The  total 
of  alcohol-ether  soluble  substance  is  appreciably  less  in  the  active  than 
in  the  inactive  glands. 
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It  is  of  interest  to  note  that  the  moisture  values  obtained  from  the 
four  shell  glands  which  were  ready  to  function,  or  had  just  ceased 
to  function  (124),  are  high  and  quite  nearly  equivalent,  ranging  from 
83.46  per  cent  to  83.88  per  cent;  while  the  quite  inactive  glands  gave 
notably  lower  values  (80.86  and  81.33).  It  seems  not  improbable  that 
this  incidence  of  low  moisture  and  tissue  inactivity  is  a  fact  of  impor- 
tance. The  analyses  of  upper  oviducts  also  show,  in  the  main,  a  simi- 
lar association  of  lower  moisture  values  in  the  more  inactive  state 
of  the  tissues.'* 

The  upper  (mduct  The  alcohol-ether  soluble  phosphorus  of  the 
active  albumen  glands  (which  had  ceased  their  Active  secretion  of 
albumen  only  a  few  hours  previous  to  the  taking  of  the  sample  and 
would,  within  a  few  hours,  again  have  become  active)  is  small  in 
amount;  it  is  perceptibly  increased  in  those  glands  which  had  been 
inactive,  and  would  certainly  have  remained  inactive,  for  longer  periods. 
The  total  phosphorus  of  the  upper  oviduct  is  usually  considerably 
smaller  than  the  percentage  found  in  the  shell  gland,  and  this  situation 
is,  no  doubt,  connected  with  the  fact  that  the  secretion  product  of  the 
upper  oviduct — the  egg  album.en — contains  only  traces  of  phosphorus, 
while  in  the  eggnshell  this  element  is  abundant.  The  alcohol-ether 
insoluble  phosphorus  of  the  upper  oviduct  apparently  does  not  vary 
consistently  in  this  series.  Probably  the  total  alcohol-ether  soluble 
substance  is  increased  in  the  inactive  state  of  the  glands. 

The  moisture  determinations  on  these  albiunen  secreting  glands 
offer  some  evidence  that  the  less  active  glands  contain  least  water,  a 
situation  to  which  reference  was  made  above. 

*  Undoubtedly  a  somewhat  higher  percentage  of  blood  is  present  in  the  active 
than  in  the  inactive  glands,  and  fowls'  blood  contains  about  86  per  cent  of  water. 
But  in  order  to  raise  the  water  content  of  the  inactive  shell  gland  no.  128  to  the 
average  value  found  for  the  active  glands  the  former  would  have  to  receive  an 
additional  quantity  of  blood  equal  to  its  total  inactive  weight — and  this  without 
the  addition  of  any  new  tissue  with  less  than  86  per  cent  water.  This  demon- 
strates that  the  higher  water  values  of  the  active  glands  cannot  be  attributed  to 
increased  vascularity  alone. 

On  the  other  hand,  it  is  not  improbable  that  the  differences  observed  in  the 
water  content  of  the  active  and  inactive  upper  oviducts  is  ascribable  to  an  influx 
of  blood  to  the  active  gland.  The  differences  are  here  smaller  in  amount,  and, 
owing  to  the  low  water  content  of  this  tissue,  each  added  gram  of  blood  would 
here  much  more  greatly  affect  the  percentage  of  water  in  the  analyzed  tissue. 

The  very  small  size  of  the  oviduct  that  furnished  analyses  130  and  131  is  only 
partly  to  be  accounted  for  by  shrinkage  of  tissue  under  inactivity.  The  hen 
from  which  this  oviduct  was  taken  was  much  smaller  than  the  other  hens  (all 
mongrels)  killed  for  this  purpose. 
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Comparing  the  chemical  composition  of  the  upper  and  lower  parts 
of  the  oviduct  one  first  notes  that  the  shell  gland  always  has  a  con- 
siderably higher  water  content  than  that  of  the  upper  oviduct  with 
which  it  was  connected.  This  brings  to  light  the  interesting  fact  that 
that  part  of  the  oviduct  whose  secretion  is  about  90  per  cent  water, 
is  itself  relatively  water  poor;  while  the  other  part,  whose  secretion  is 
more  than  95  per  cent  solids,*  is  relatively  water  rich. 

Perhaps  the  question  should  be  asked,  Is  an  albumen  secreting  gland, 
or  a  shell  gland,  really  active  (or  predominatingly  active)  only  when  it 
is  actually  discharging  its  secretion?  Are  such  of  these  glands  as  are 
called  upon  during  a  few  hours  each  day,  in  fowls  laying  daily,  really 
quiescent  during  the  intervals  between  discharges  of  secretion?  May 
not  such  intervals  be  the  truly  active,  reconstructive,  or  preparatory 
periods?  To  these  questions  there  is  at  present  no  definite  answer. 
There  can  be  no  question,  however,  that  the  first  eight  analyses  of  table 
2  represent  more  active  tissues  than  do  the  last  four  analyses  of  the 
table.  Oviducts  completely  free  from  eggs  for  three  or  four  days,  with 
no  possibility  of  discharging  a  secretion  during  the  succeeding  three 
or  four  days,  are  unquestionably  less  active  glands  than  those  con- 
taining eggs  and  actually  engaged,  daily  or  almost  daily,  in  the  copious 
and  rapid  delivery  of  their  secretory  products. 

SUMBiARY 

The  membranes  (membrana  follicularis)  which  immediately  sur- 
roimd  the  growing  oocytes  (of  3  to  34  mm.)  of  the  fowl  were  sub- 
divided for  analysis  into  (size)  groups.  Through  the  membranes 
(3  to  5.5  mm.)  of  group  a  yolk  constituents  are  passed  extremely 
slowly  to  the  egg;  group  h  includes  those  membranes  (5  to  6.5  nam.) 
which  suddenly,  in  a  day,  change  the  former  rate  of  passage  of  yolk 
constituents  from  the  blood  to  the  yolk,  to  a  rate  about  twenty-five 
times  greater;  group  d  includes  membranes  of  the  largest  size  (15  to 
34  mm.) ;  through  these  the  constituents  of  yolk  are  passed  or  secreted 
at  the  rapid,  but  changeless,  rate. 

The  phosphatides  of  all  three  groups  of  membranes  probably  exist 
in  amounts  relatively  large  in  proportion  to  the  neutral  fats. 

The  greatest  disproportion  of  phosphatides  to  neutral  fats,  and  by 

*  One  statement  puts  the  moisture  of  the  shell  at  about  1  per  cent.  In  the 
state  in  which  it  is  found  in  the  uterus  or  shell  gland  the  moisture  of  the  shell 
is  certainly  considerably  higher. 


Digitized  by 


Google 


PHYSIOLOGY   OF  REPRODUCTION   IN   BIRDS  161 

far  the  largest  amounts  of  phosphatides,  apparently  are  found  in  group 
6;  it  is  at  this  stage  of  the  growth  or  history  of  the  foUieular  membrane 
that  there  occurs  a  most  striking  change  in  its  permeabiUty.  Neither 
the  disproportion  of  phosphatide  to  neutral  fat,  not  the  high  phos- 
phatide value  persists  under  the  new  rate  of  permeability,  i.e.,  after 
this  new  rate  is  established. 

The  results  lend  some  support  to  the  view  that  changes^  at  least  a 
change  toward  greatly  increased  activity,  in  the  phjrsiological  activity 
of  a  tissue  is  accompanied  by  an  increase  in  the  phosphatides  of  the 
tissue.  Similarly,  the  results  supply  one  case  in  which  a  change  in 
the  permeability  of  a  membrane,  toward  increased  permeability,  is 
apparently  accompanied  by  a  perceptible  increase  in  the  phosphatide 
content  of  the  membrane.  According  to  one's  classification  of  the 
follicular  membrane  as  an  active  secretory,  assimilative  tissue,  or  as  a 
membrane — a  more  or  less  passive  filter  for  yolk  constituents — ^the 
results  apply  to  the  one  or  the  other  of  the  above-mentioned  problems. 
Admittedly,  however,  our  results  on  this  topic  would  be  more  conclusive 
if  based  on  larger  samples. 

Active  and  relatively  inactive  oviducts,  divided  into  shell  glands 
and  albumen  secreting  glands,  of  the  fowl  were  analyzed,  and  their 
chemical  differences  noted. 

The  alcohol-ether  soluble  phosphorus  of  the  shell  gland  (uterus) 
does  not  dififer  consistently  in  the  active  and  inactive  glands.  Prob- 
ably the  alcohol-ether  insoluble  phosphorus  is  higher  in  the  active 
glands.  The  total  alcohol-ether  soluble  substance  is  greater  in  the 
inactive  glands.  The  amount  of  moisture  is  plainly  and  significantly 
greater  in  the  active  glands. 

In  the  albumen  secreting  glands  the  alcohol-ether  soluble  phosphorus 
is  much  increased  under  inactivity.  It  seems  not  at  all  possible  to 
ascribe  this  increase  to  tissue  shrinkage  (or  relatively  greater  loss  of 
other  constituents)  under  inactivity;  the  absolute  amounts  of  phos- 
phorus are  increased,  and  this  in  a  tissue  whose  inactivity  is  beyond 
question.  This  result  for  this  gland  is  in  contradiction  to  the  results 
from  the  foUicular  membranes,  unless  most  of  the  phosphorus  of  the 
inactive  albumen  gland  is  water  soluble;  and  unless  most  of  that  of  the 
active  gland  is  water  insoluble.  This  point  remains  undetermined. 
The  percentage  of  water  is  somewhat  larger  in  the  active  than  in  the 
inactive  albumen  secreting  glands. 

The  shell  glands  secrete  a  substance  containing  very  little  water; 
the  upper  oviducts  secrete  a  substance  very  rich  in  water;  but  the 
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shel'  glands,  in  both  the  active  and  inactive  condition,  contain  4  to  9 
per  cent  more  water  than  do  the  albumen  secreting  glands. 
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A  considerable  number  of  special  studies  has  been  made  concerning 
the  conditions  involved  in  the  excretion  of  water  by  the  kidney.  It  is 
evident  that  several  factors  enter  into  the  process.  It  is  necessary 
for  "free"  water  (i.e.,  water  not  in  colloid  combination)  to  be  present 
in  the  blood,  and  it  is  necessary  for  the  kidney  to  be  in  condition  to 
excrete  it.  Under  various  conditions  the  colloids  of  the  blood  may 
have  more  affinity  for  the  water  than  the  kidney  tissue,  whereas  under 
other  conditions,  the  colloids  have  less  power  to  hold  the  water  and 
some  of  it  is  set  free.  At  times  the  kidney  tissue  may  have  abnormal 
retention  powers.  Fischer's  (1)  application  of  the  fact  that  hydro- 
philic  colloids  retain  more  water,  the  more  acid  they  are,  and  that  the 
water  content  is  to  a  certain  extent  a  function  of  the  total  acid  content 
(modified,  in  the  case  of  different  acids,  by  the  nature  of  the  anion 
radical),  serves  as  a  simple  description  of  the  various  kidney  states. 
A  more  "acid"  kidney  will  tend  to  retain  more  water  than  one  in  a  less 
acid  condition.  Excretion  will  then  be  reduced.  Do  similar  con- 
ditions affect  the  diffusion  of  urea,  uric  acid,  creatinine,  glucose,  chlo- 
rides, or  other  dissolved  substances? 

PART  I 

In  a  previous  paper  (2)  one  of  us  showed  that  phenolsulphone- 
phthalein  is  retained  by  the  hydrophilic  colloids  of  blood  serum  in 
proportion  to  the  acid  content  of  the  serum. 
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TABLE  I 


ROLUnON 


3  cc.  sheep  blood  serum,  2  cc.  0.8  per  cent  NaCl,  0.3  cc. 
0.6  per  cent  aqueous  solution  phenolsulphonephthal- 
ein 

Control:  Same,  but  with  3  cc.  0.8  per  cent  NaCl  in- 
stead of  the  blood  serum 

3  cc.  sheep  blood  serum,  1  cc.  0.8  per  cent  NaCl,  0.3  cc. 
0.6  per  cent  aqueous  solution  phenolsulphonephthal- 
ein 

Control:  Same,  but  with  3  cc.  0.8  per  cent  NaCl  in- 
stead of  the  blood  serum 

3  cc.  sheep  blood  serum,  0.3  cc.  0.6  per  cent  aqueous 
solution  phenolsulphonephthalein 

Control:  Same,  but  with  3  cc.  0.8  per  cent  NaCl  in- 
stead of  the  blood  serum 


Tff.HCI 

ADDED 
TO  SOLUTION 

OBrTRBOP 

COLUMNS  OP 

UQUIM 

TO  GITB  SAMS 

COLOB 

ee. 

mm. 

21 

17 

1 

47 

1 

17 

2 

90 

2 

17 

In  those  experiments,  the  results  of  which  are  given  in  table  1,  3  cc. 
of  each  solution,  after  a  thorough  mixir.g,  were  placed  in  parlodion 
sacs  prepared  after  the  method  of  Levy,  Rowntree,  and  Marriott  (3). 
The  sacs  were  lowered  into  an  0.8  per  cent  sodium  chloride  solution 
until  the  level  of  the  surrounding  solution  was  the  same  as  that  in  the 
sac.  Diffusion  was  allowed  to  proceed  for  fifteen  minutes,  and  the 
sac  was  then  removed  and  rinsed  off  with  distilled  water.  The  salt 
solution  with  the  ruising  water  was  made  alkaline  by  the  addition  of 
10  cc.  of  10  per  cent  sodium  hydroxide,  and  distilled  water  was  added 
until  the  volume  was  100  cc.  The  varying  shades  of  pink  showed  that 
different  amounts  of  phenolsulphonephthalein  had  .diffused  through 
the  walls  of  the  tubes,  making  a  quantitative  determination  of  the  dye 
possible  by  means  of  the  Duboscq  colorimeter.  The  table  shows  that 
as  the  acid  content  of  a  lyophilic  colloid  (the  blood  serum)  is  increased, 
there  is  a  corresponding  retention  of  the  dye,  as  shown  by  the  lessened 
diffusion. 

Blood  serum,  however,  does  not  show  this  behavior  toward  all  dis- 
solved substances.  The  first  group  of  experiments  below,  show  that 
in  the  case  of  urea  and  glucose,  the  blood  serum  does  not  retain  these 
substances. 
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In  the  following  experiments,  blood  serum  with  known  amounts 
of  acid  and  of  glucose  was  placed  in  parlodion  sacs,  and  the  contents 
allowed  to  diffuse  into  an  0.8  per  cent  sodium  chloride  solution.  The 
technique  is  described  above. 

The  following  protocol  will  serve  to  show  the  results.  Three  cubic 
centimeters  of  the  solutions  were  allowed  to  diffuse  for  thirty  minutes, 
and  after  dilution  to  100  cc,  the  amount  of  sugar  was  determined  by 
Benedict's  method.  (Results  expressed  in  terms  of  cubic  centimeters 
of  the  100  cc.  used  to  reduce  25  cc.  of  Benedict's  solution.) 

TABLE  2 


10  CC.  blood  serum,  5  cc.  25  per  cent  glucose,  2  cc. 
0.8  per  cent  NaCl 

Same,  but  with  10  cc.  0.8  per  cent  NaCI  solution  in- 
stead of  senun 

10  cc.  blood  serum,  5  cc.  25  per  cent  glucose,  1  cc.  0.8 
per  cent  NaCl 

Sam€y  but  with  10  cc.  0.8  per  cent  NaCl  solution  in- 
stead of  serum 

10  cc.  blood  senmi,  5  cc.  25  per  cent  glucose 

Same,  but  with  10  cc.  0.8  per  cent  NaCl  solution  in- 
stead of  serum 


tVhci 

ADDED 
TO  SOLUTION 


DIFPUSBD 
SOLUTION  OF 
GLUC08B  TO 
SKDUCE  25  CC. 
OF 
BBNSDICr'S 
BEAOENT 


[25.25 
(24. 55 

23.60 


1 

24.40 

1 

22.20 

2 

24.50 

2 

22.20 

This  experiment  indicates  that  there  is  no  corresponding  variation 
in  glucose  retention  by  the  colloids  of  the  serum  under  variations  in 
both  total  acid  content  as  well  as  hydrogen  ion  content. 

A  similar  series  of  experiments  were  conducted  using  urea  solutions 
in  the  parlodion  sacs.  The  urea  which  dififused  out  in  thirty  minutes 
was  determined  by  Benedict's  method.  The  results  are  shown  in 
table  3. 

The  table  shows  that  variations  in  acidity  were  not  accompanied 
by  any  corresponding  change  in  the  urea  retention.  It  is  therefore 
evident  that,  since  with  an  increased  acid  content,  the  serum  shows  an 
increased  afl&nity  for  phenolsulphonephthalein,  but  does  not  show  a 
corresponding  behavior  towards  glucose  and  urea,  the  colloids  of  the 
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blood  must  exert  a  sdedive  adsorption  for  some  substances  and  not 
others.  The  practical  significance  of  this  wUl  be  taken  up  in  the 
general  discussion  of  results. 


TABLE  3 


10  cc.  blood  serum,  10  cc.  18  per  cent  urea,  4  cc.  0.8  per 
cent  NaCl 

Same^  but  with  0.8  per  cent  NaCl  instead  of  serum. 
(10  cc) 

10  cc.  blood  serum,  10  cc.  18  per  cent  urea,  2  cc.  0.8  per 
cent  NaCl 

Same,  but  with  0.8  per  cent  NaCl  instead  of  serum. 
(10  cc.) 

10  cc.  blood  seriun,  10  cc.  18  per  cent  urea 

SanUf  but  with  0.8  per  cent  NaCl  instead  of  senun. 
(10  cc.) 


CTRBA  IN 

DDTirnxo 

SOLUTION 


0.366 
0.375 

0.366 
0.405 
0.366 
0.375 


PART  II. 

Under  certain  pathological  conditions,  sugar  or  urea  accumulate  in 
the  blood.  The  experiments  in  Part  I  indicate  that  the  accumulation 
cannot  be  due  to  retention  by  the  colloids  of  the  serum,  at  least  on  a 
basis  of  acid  content.  May  this  be  due  to  faulty  powers  of  elimination? 
We  must  therefore  note  the  behavior  of  the  kidney  colloids  toward 
dissolved  substances  under  various  conditions. 

While  some  phases  of  the  study  of  the  retention  of  substances  by 
blood  serum  can  be  satisfactorily  investigated  by  means  of  the  parlo- 
dion  sac  diffusion  method,  it  is  necessary  to  use  other  means  in  study- 
ing the  properties  of  the  kidney  colloids.  For  this  purpose  we  have 
found  that  the  perfusion  method  described  by  SoUmann  (4)  is  admir- 
ably adapted  to  our  needs.  By  this  procedure  we  were  able  to  throw 
some  Ught  on  several  phases  of  secretion  and  retention  of  both  water 
and  dissolved  substances  by  the  colloids  of  the  kidney.  Briefly  the 
technique  is  as  follows: 

In  anaesthetized  rabbits,  cannulas  are  tied  in  the  renal  artery  and 
vein,  and  in  the  ureter.  The  apparatus,  as  described  by  SoUmann,  is 
arranged  for  the  perfusion,  under  uniform  pressure,  of  salt  solutions 
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through  the  kidney.  After  washing  out  all  the  blood  with  either  0.9 
per  cent  NaCl  solution,  or  0.9  per  cent  NaCl  and  0.2  per  cent  to  0.5 
per  cent  glycocol,  both  solutions  being  made  alkaline  (pH  =  7.3-7.6), 
the  kidney  was  removed  from  the  body,  mounted  on  a  glass  plate  in  a 
holder,  and  evaporation  prevented  by  a  covering  of  cotton,  which  was 
wet  with  0.9  per  cent  NaCl  made  alkaline  to  pH  =  7.8-8.0  with  NaOH. 

Solutions  were  then  prepared  containing  0.9  per  cent  NaCl  and  0.5 
per  cent  urea,  and  the  hydrogen  ion  concentration  was  varied  with 
traces  of  hydrochloric  or  phosphoric  acid,  or  sodium  hydroxide.  We 
then  had  solutions  of  practically  the  same  composition,  but  with  differ- 
ent hydrogen  ion  concentrations.  The  concentrations  used  in  these 
experiments  were  pH  =  6.6,  6.8,  6.9,  7.0,  7.2,  7.3,  7.4,  7.5,  7.6,  7.8,  7.9, 
and  8.0.  It  will  be  noticed  this  range,  extending  from  the  acid  pH  =  6.6 
to  the  alkaline  pH  =  8.0,  covers  a  series  which  is  well  within  physiological 
limits.  The  variations  between  the  solutions  were  extremely  delicate, 
and  represented  gradations  that  could  easUy  be  brought  about  in  the 
blood  of  the  body  during  rest,  fatigue,  feeding,  fasting,  anaesthesia 
with  chloroform  or  ether,  emotion,  or  during  disease.  Besides  these 
solutions,  others  were  used  in  which  the  concentrations  of  the  constitu- 
ents were  varied. 

The  procedure  used  for  any  one  kidney  was  to  pass  the  solutions — 
50  to  150  cc.  from  an  arterial  reservoir — into  the  artery,  and  coUect 
the  vein  fluid  and  the  ureter  fluid.  After  passing  one  solution  through, 
a  second,  third,  or  fourth  solution  followed,  the  vein  and  ureter  fluids 
being  collected  separately.  Thus  we  were  able  to  start  with  an  al- 
kaline solution,  and  follow  it  with  ones  more  acid,  or  use  the  reverse 
order.  Oxygenation  was  accomplished  by  aUowing  air  to  bubble 
through  the  solution  in  the  arterial  reservoir.  In  each  case  the  hydrogen 
ion  concentration  of  the  artery  solution  was  taken  from  a  specimen 
drawn  from  a  valve,  just  before  it  entered  the  renal  artery.  The 
method  used  was  that  of  Levy,  Rowntree,  and  Marriott  (3).  The 
determinations  in  all  cases  were  made  immediately  after  collection  of 
the  Uquid.  The  experiments  covered  periods  of  from  fifteen  minutes 
to  two  hours,  varying  with  the  number  of  solutions  passed  through. 
In  each  case  the  venous  solution  was  more  acid  than  that  of  the  artery, 
and  the  ureter  fluid  more  acid  than  that  of  the  vein,  showing  that  acids 
and  CO2  were  being  eliminated,  having  arisen  from  autolysis  and 
oxidation.  The  amount  of  urea  was  constant  in  the  artery,  so  that 
variations  in  excretion  of  urea  could  not  be  due  to  the  variation  of 
supply. 
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The  resuU^B,  tabulated  below  (tables  4,  5,  6,  and  7),  will  be  discussed 
imder  the  following  headings: 

a.  Relation  of  urea  excretion  to  the  acidity  of  the  arterial  fluid. 

b.  Relation  of  acidity  of  the  arterial  fluid  to  the  retention  of  urea 
by  the  kidney  colloids. 

c.  Relation  of  water  excretion  to  the  acidity  of  the  arterial  fluid. 

TABLE  4 
Experiment  4,    SoliUions  passed  successively  through  one  kidney 


HTDROOBir  ION 

C90NCBNTRATI0N  OF 

ABTERT  pH 

UBKADf 
ARTBRT  rLUID 

T7RBAXN 
YRZN  FLUID 

URKAIK 
UBKTBB  FLUID 

A 

7.3 
6.6 

7.6 

percent 
0.5 
0.5 
0.5 

percent 
0.399 

0.405 
0.411 

percent 
0.288 

0.208 
0.411 

0.687:1.0 
0.613:1.0 
0.822:1.0 

•  F  =  per  cent  of  urea  in  vein  fluid. 
IT  =  per  cent  of  urea  in  ureter  fluid. 
A  =  per  cent  of  urea  in  artery  fluid. 

TABLE  5 

Experiment  6.    Solutions  pcLSsed  successively  through  one  kidney 


HTDROOBV  ION 

CONCBNTRATION  OF 

ARTBRT  pH 

X7RBAIM 
ARTBRT  FLUID 

UREA  IN 
VEIN  FLUID 

URBA  IN 
URBTBR  FLUID 

A 

7.0 
7.2 
7.5 

percent 
0.5 
0.5 
0.5 

per  cenJt 

0.430 
0.370 
0.462 

percent 
0.330 
0.440 
0.459 

0.76:1.0 
0.81:1.0 
0.92:1.0 

TABLE  « 
Experiment  6.    Solutions  passed  successively  through  one  kidney 


HTDROGBN  ION  CONCENTRATION 
OF  ARTBRT  FLUID  pH 

T7REA  IN  ARTBRT 
FLUID 

URBA  IN  URBTBR 
FLUID 

per  cent 

percent 

7.3 

0.5 

0.348 

7.5 

0.5 

0.438 

8.0 

0.5 

0.471 

7.8 

0.5 

0.462 

7.7 

0.5 

0.422 

All  solutions  listed  in  the  order  of  their  perfusion. 


Digitized  by 


Google 


RELATION   OF  ACIDITY  TO  RENAL  FUNCTION  169 

Taking  into  account  the  artificial  conditions  to  which  the  kidney 
was  subjected,  the  absence  of  nerve  and  vasomotor  control,  the  diflfer- 
ence  between  salt  solution  and  blood,  the  differences  in  the  animals 
at  the  time  of  operation,  the  disturbance  in  the  oxygen  supply,  the 
results  were  fairly  uniform,  and  warrant  the  conclusions  given  in  the 
following  pages. 

A  study  of  these  results  will  show  that  the  amount  of  urea  excreted 
is  independent,  to  some  extent,  of  the  order  in  which  the  arterial 
solutions  were  used.  Thus  in  table  4,  an  alkaline  solution  was  followed 
by  an  acid  solution,  and  this  again  by  one  more  alkaline.  In  table  5, 
the  series  is  one  of  increasing  alkalinity,  while  in  table  6  the  series 
becomes  more  alkaline,  and  is  then  replaced  by  ones  more  acid.  The 
ureter  fluids  contained  a  different  amoimt  of  urea  than  the  vein,  and, 
as  the  tables  show,  the  amounts  varied  with  the  hydrogen  ion  content. 
The  results  show  clearly  that  the  amount  of  urea  excreted  increased  as 
the  hydrogen  ion  concentration  of  the  perfusing  fluid  decreased.  In  other 
words,  the  less  acid  the  arterial  solution,  the  more  urea  was  excreted. 

ITie  artery  fluid  in  tables  4  and  5  contains  0.5  per  cent  urea.  If 
the  ureter  fluids  were  merely  an  overflow  from  the  blood,  and  not  a 
"secretion" — selective,  from  a  quantitative  point  of  view,  then  we 
could  expect  a  maximum  of  0.5  per  cent  urea  in  the  vein  and  0.5  per 
cent  urea  in  the  ureter  fluid.  Their  sum  would  be  1.0  per  cent,  and 
would  equal  twice  that  of  the  artery.  The  experiment  shows  that  the 
sum  falls  short  of  this,  that  neither  the  ureter  fluid  nor  the  vein  fluid, 
reaches  the  strength  of  the  artery  fluids  and  that  furthermore,  their 
combined  strength  falls  short  of  the  calculated  amount.  It  is  evident 
that  some  of  the  urea  is  retained  by  the  kidney,  and  a  glance  at  the 
tables  shows  that  the  more  acid  the  solution^  the  more  urea  is  retained. 
As  the  solution  approaches  pH=7.6  or  the  normal  H  ion  concentration 
of  the  rabbits*  blood,  less  urea  is  retained.  We  would  therefore  con- 
clude that  the  lack  of  secretion  of  urea  in  an  acid  condition  of  the  body 
is  due  to  its  retention  by  the  tissues  of  the  kidney  type  rather  than 
those  of  the  blood  serum,  as  shown  in  the  first  part  of  this  paper.  This 
finds  interesting  confirmation  in  the  work  of  Long  and  Hull  (6),  who 
note  that  the  kidney,  on  analysis,  contains  more  urea  than  some  of  the 
other  organs.  Their  animals  were  anaesthetized,  and  therefore  they 
were  dealing  with  kidney  tissue  at  pH  =  7.0,  which  is  really  "acid" 
for  the  rabbit.  It  therefore  contained  more  urea  than  the  other  organs 
whose  colloids  probably  were  more  of  the  type  of  those  found  in  blood 
serum.    We  were  able  to  wash  out  urea  by  perfusing  a  0.9  per  cent 
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salt  solution  through  the  kidney,  if  we  passed  an  alkaline  urea-free 
salt  solution  through  an  acid  kidney.  This  suggests  a  physiological 
reason  for  the  use  of  alkalies  in  conditions  of  urea  accumulation. 

We  have,  then,  a  mechanism  for  selective  adsorption  and  selective 
secretion  on  a  basis  of  differences  in  the  nature  of  colloids,  so  that  one 
type  has  greater  adsorptive  powers  than  another  imder  different 
hydrogen  ion  concentrations.  We  would  suggest  giving  the  name 
hyUyphUic  (hylo — "substance,"  referring  to  the  solute)  to  the  behavior 
of  the  kidney  colloids  towards  urea,  and  hylophobic  to  the  relationship 
of  the  senmi  colloids  and  perhaps  some  of  the  other  body  colloids  to 
urea.     In  the  end,  we  are  dealing  with  the  law  of  relative  solubilities. 

The  kidney  can  take  up  urea  while  acid,  and  secrete  it  while  less 
acid.  The  kidney  can  become  less  acid  by  the  oxidation  of  acids,  so 
that  we  would  expect  excretion  to  be  a  process  which  is  accompanied 
by  oxygen  absorption  by  the  kidney.  The  production  of  carbon  diox- 
ide was  shown  in  our  experiments,  as  the  vein  solution  was  always 
more  acid  than  the  artery  fluid,  and  the  ureter  fluid  more  acid  than  the 
vein.  However,  the  hydrogen  ion  concentration  of  the  ureter  fluid 
in  these  experiments  was  less  than  that  of  the  acid  urine  of  some  types 
of  nephritis,  and  in  most  cases  the  vein  and  ureter  fluids  were  below 
pH  =  6  and  were  therefore  alkaline  to  methyl  red.  In  some  experiments, 
glycocol  (0.2-0.5  per  cent)  was  used  to  absorb  the  carbon  dioxide 
formed,  and  the  experiment  showed  that  in  every  case,  cloudy  swelling 
of  the  kidney  was  long  delayed  beyond  the  time  that  it  appeared  when 
salt  solutions  alone  were  used.  Although  glycocol  itself  made  the 
solution  more  acid,  the  hydrogen  ion  concentration  was  restored  by 
the  addition  of  sodium  hydroxide,  so  that  in  the  comparison,  the  glyco- 
col and  the  salt  solution  were  of  the  same  degree  of  acidity. 

It  is  significant  that  during  and  just  after  a  meal,  while  there  is 
more  material  for  the  production  of  urea  circulating  in  the  body,  the 
blood  and  urine  at  the  same  time  are  more  alkaUne,  and,  if  these  re- 
sults are  in  any  way  applicable  to  the  living  kidney,  it  would  seem  that 
the  two  factors  work  hand  in  hand  to  bring  about  a  greater  excretion 
of  urea.  On  the  other  hand,  in  fasting,  the  conditions  are  just  reversed, 
and  a  diminished  urea  production  accompanies  an  acid  condition  of 
the  blood  and  urine. 

The  next  phase  of  the  problem  is,  what  is  the  relation  between  the 
hydrogen  ion  concentration  of  the  artery  fluid,  and  the  amount  of 
ureter  fluid  excreted?  The  experiments  (table  6)  show  that  the  lower 
the  hydrogen  ion  concentration,  the  greater  the  secretion  of  toater.    This 
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conclusion,  we  beUeve,  bears  out  Fischer's  (1)  applications  of  the  laws 
of  colloid  swelling  imder  acidosis,  to  urinary  secretions. 

It  will  be  noted  that  a  very  delicate  change  in  the  hydrogen  ion  con- 
centration causes  a  marked  change  in  the  amount  of  water  excreted. 
When  the  solution  was  too  acid,  as  in  experiment  4  (table  7),  a  toxic 
effect  was  exerted  on  the  kidney.  It  showed  a  typical  cloudy  swelling — 
the  picture  of  an  acute  nephritis,  which  it  was.  Protein  was  present 
in  the  vein  fluid  and  in  the  ureter  fluid,  although  the  artery  fluid  was  a 
salt  solution,  and  contained  no  albumin. 

TABLE  7 
A  separate  kidney  was  used  for  each  experiment 


KXPBBX- 
MBNT 


COMPOSITION  OP  ABTERT  PLUID 


HTDBOGBN  ION 

CONCENTRATION 

OP  ARTBBT 

PLUID  pH 


Ringer's  solution,  phosphoric  acid  (trace) . . . 

Similar,  but  with  0.15  per  cent  urea 

Similar,  with  0.15  per  cent  urea 

Similar,  with  0.15  per  cent  urea 

-_ 

0.9  per  cent  NaCl;  0.5  per  cent  Glycocol 

0.9  per  cent  NaCI,  0.2  per  cent  glycocol;  0.5 

per  cent  urea 

Same 

Same 

0.9  per  cent  NaCl 

0.9  per  cent  NaCl;  0.5  per  cent  urea 

Same 

Same 

Same 

Same 


7.0 
7.1 
7.3 

7.8 


7.3 

7.3 
6.6 
7.6 


URETER  PLUID 

PER  100  CC. 

OPTEIN 

PLUID 


ee. 

1.4 

1.7 

4.2 

4.6 


15.8 

23.22 
8.05 
6.28 


7.3 
7.3 
7.5 
8.0 
7.8 
7.7 


13.55 
21.03 
27.39 
33.75 
25.80 
15.10 


The  diuretic  effect  of  urea,  as  shown  in  experiments  4  and  6,  (table  7), 
is  of  considerable  interest.  The  addition  of  0.5  per  cent  urea  to  the 
perfusing  solution  causes  an  increase  from  15.8  cc.  of  ureter  fluid  in 
experiment  4,  to  23.32  cc,  whereas  in  experiment  6,  there  is  an  increase 
from  13.55  cc.  to  21.03  cc.  SoUmann  (3)  reports  that  the  diuretic 
effects  of  urea  cannot  be  reproduced  in  the  excised  kidney  of  the  dog 
and  he  attributes  this  to  the  fact  that  the  kidney  has  lost  its  vitaUty, 
or  that  the  blood  plasma  may  have  a  counteracting  effect. 
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The  blood  of  rabbits  nommUy  varied  in  acidity  around  pH  =  7,3-7,6 
(i.e.^  alkaline)  but  after  the  anaesthetic  it  usually  rises  to  a  hydrogen 
ion  concentration  of  pH  =  7,0  (cf.  Menten  and  Crile)  (5),  A  solution, 
tiien,  of  pH  =  7,0,  while  really  neutral,  is  relatively  acid  for  the  tis^ieg 
of  the  rabbit.  A  normal  salt  soluiion  or  a  mlulion  of  urea,  while  usually 
pH  =  7.0  or  neutral  in  reaction^  is  in  rtalily  "acwf^'  to  the  tissut^.  Such 
a  fluid  would  naturally  not  cause  an  increased  excretion,  and  Soli- 
naann'a  experiment  showe  this  to  be  true.  If,  however,  as  in  our 
experiments,  the  acidity  of  this  urea  solution  is  decreased,  and  brought 
nearer  to  the  normal  for  the  body,  a  diuretic  effect  is  noted,    Chen>i- 


e*6  7,0  7.5,  a.O      ^TS  7.0  7.S  8.0 

HYDROaEK    ION   CONCEfJTRATlON  HVDBOT.^a   ION  COUCEKTRATIOW 

Fig.  I.  The  first  curve  shows  the  rdation  of  the  mimber  of  cubic  centiroeters 
of  ureter  fiuid  per  100  cc,  of  vein  fluid  to  the  hydrogen  ion  concentration  of  the 
artery  fluid. 

The  second  cun-^c  shows  the  relation  of  the  percent  of  urea  in  the  ureter  fluid 
to  the  hydrogen  ion  eoneentration  of  the  arterj*  fluid. 

The  curves  represent  the  mean  of  several  experiments* 

cally,  urea  acte  as  a  base  in  the  preRcnce  of  acids,  and  tends  to  neutralize 
them.  In  the  blood  or  body  fluids^,  then,  it  would  aid  in  keeping  dowii 
the  hydrogen  ion  concentration,  an  action  which  would  explain  it^ 
diuretic  eflFects. 

Two  clinical  obpervatioiiff  bear  out  thift  point  of  \dew.  After  the 
adniinifitration  of  volatile  anaesthetics,  the  secretion  of  urine  is  re- 
duced, and  often  much  delayed.  In  this  condition  we  have  the  hydro- 
gen ion  concentration  of  the  blood  ridng  to  pH  =  7.0  or  thereabouts, 
depending  on  the  relative  amount  of  the  drug  inHpircil,  m  Menten  and 
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Crile  have  shown.  Until  the  blood  returns  to  its  alkaline  condition, 
the  secretion  of  urine  is  lessened.  It  is  further  noted  that  after  the 
intravenous  injection  of  normal  salt  solution,  the  effects,  while  tempo- 
rary, last  for  some  time,  (an  hour  or  so)  before  the  bulk  is  excreted. 
When  we  remember  that  the  normal  salt  solution  is  pH  =  7.0,  and  is 
therefore  relatively  acid,  we  can  account  for  the  delay  in  immediate 
excretion,  both  by  the  temporary  ''storage"  of  water  in  the  serum 
colloids,  and  by  the  effect  on  the  kidney. 

While  both  the  water  and  urea  outputs  increase  with  the  decrease 
in  acidity  (see  curve,  fig.  1),  nevertheless  two  isolated  observations 
taken  are  of  interest  in  suggesting  that  there  may  be  a  difference  in 
the  water  and  urea  secreting  mechanisms.  In  experiment  4,  after 
the  use  of  a  very  acid  solution  (pH  =  6.6)  an  alkaline  solution  was  un- 
able to  cause  a  total  recovery  in  the  water  secreting  mechanism,  while 
there  was  an  apparent  recovery  in  the  urea  secreting  mechanism. 
Furthermore,  a  kidney  which  had  been  kept  in  the  ice-box  over  night, 
secreted  water  the  next  day,  but  very  little  urea.  These  suggest  a 
subject  for  more  detailed  study. 

At  a  given  hydrogen  ion  concentration,  only  a  certain  amount  of 
water  or  urea  may  be  secreted,  depending  on  the  available  free  water 
or  urea.  If  the  supply  of  either  is  deficient,  the  excretion  will  be  less, 
but  the  ability  to  secrete  more  will  still  exist.  This  means  that  from 
point  of  view  of  hydrogen  ion  concentration,  the  ability  to  excrete 
water  is,  in  a  measure,  an  index  of  the  ability  to  excrete  urea. 

A  study  of  the  tables,  especially  experiments  4  and  6,  will  show  that 
the  previous  solution  influences,  to  some  extent,  the  effect  of  the  solu- 
tion which  follows.  This  is  probably  due  to  the  extent  of  hydration 
of  the  tissues  which  a  given  solution  produces,  and  also  to  the  amount 
of  urea,  which  is  dissolved  in  the  tissue  at  the  given  hydrogen  ion 
concentration  of  the  solution.  Of  course,  actual  injury  to  tissue  in 
this  method  of  perfusion  results,  and  the  recuperative  powers  must 
necessarily  bte  slow,  if  possible  at  all. 

In  continuation  of  these  experiments,  it  is  proposed  to  test  the 
behavior  of  the  kidney  colloids,  under  similar  conditions,  towards  uric 
acid,  creatinine,  and  other  constituents  of  the  normal  and  pathological 
urine. 

SUMMARY  AND   CONCLUSION 

1.  The  colloids  of  the  blood  serum  show  selective  adsorption^  holding 
phenolsulphonephthalein  when  the  acidity  is  increased,  but  acting  differ- 
ently to  glucose  or  urea. 
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2.  In  the  excised  kidney  of  the  rabbit,  perfusion  of  0.9  per  cent  NaCl 
solution  containing  0.5  per  cent  urea  shows  that  under  these  conditions, 
and  within  the  physiological  limits  of  hydrogen  ion  concentration^ 

a.  The  kidney  colloids  secrete  more  urea,  the  less  acid  the  perfusing 
solution. 
h.  The  water  secretion  increases  with  the  decrease  in  acidity. 

c.  The  amotint  of  urea  retained  in  the  kidney  colloids  increases  with 
the  acidity. 

d.  The  urea  excretory  mechanism,  while  paralleling  the  water  ex- 
cretory mechanism  in  its  operation,  is  quantitatively  independent  of  it. 

e.  The  above  changes  take  place  with  very  minute  changes  in  the 
hydrogen  ion  concentration  well  within  physiological  limits. 

3.  The  colloids  of  the  body  vary  in  their  abiUty  to  hold  dissolved 
substances  under  different  degrees  of  hydrogen  ion  concentration.  This 
suggests  a  basis  for  a  mechanism  of  selective  absorption  and  excretion. 

4.  The  minute  amounts  of  acid  or  alkaU  added  (somewhere  near 
0.00035  gram  per  100  cc.)  to  vary  the  hydrogen  ion  concentration,  are 
not  enough  to  produce  the  effects  on  a  basis  of  osmotic  differences,  and 
we  believe  that  we  are  dealing  with  a  relationship  between  hydrogen 
ion  concentrations  and  colloids. 
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I.    INTRODUCTION 

In  earlier  investigations*  we  discovered  that  the  respiratory  mechan- 
ism is  exhausted  in  pneumonia.  The  normal  stimulus  to  the  bulbar 
respiratory  cells  is  the  carbon  dioxide  in  the  blood.  To  this  stimulus 
the  respiratory  mechanism  in  pneumonia  reacts  imperfectly  or  not  at 
aU. 

In  pneumonia  the  observer  is  struck  with  the  frequency  and  depth 
of  the  breathing.  The  respirations  are  often  eighty  per  minute,  and, 
in  dogs,  the  cubic  centimeters  breathed  per  minute  may  rise  to  ei^teen 
thousand  or  more.  In  searching  for  the  cause  of  this  respiratory 
disorder,  attention  was  directed  to  the  following  possible  explanations: 

1.  Such  phenotoena,  occurring  in  the  course  of  an  infection,  might 
be  attributed  to  the  action  on  the  respiratory  cells  of  the  poison  pro- 
duced by  the  bacteria  of  the  disease.  We  have  accordingly  measured 
the  respiratory  reaction  in  animals  in  whom  the  bacteremia  of  pneumo- 
nia was  produced,  without  any  disease  of  the  lungs,  by  injecting  the 
bacillus  of  Friedlander  into  the  femoral  vein. 

*  Dalton  Scholar  in  the  Massachusetts  General  Hospital. 

'Earlier  papers  in  these  studies  of  pnemonia  are  as  follows:  Arch,  of  Inter. 
Med.,  1914,  xiv,  48;  Boston  Medical  and  Surgical  Jour.,  1914,  clxx,  125;  ibid,, 
1915,  clxxiii,  p.  472;  ibid.,  1916,  clxxiv,  pp.  464-466;  this  Journal,  1914,  xxxv,  1-14; 
Journ.  of  Exper.  Med.,  1915,  xxii,  122;  ibid.,  1916,  xxiv,  583-603. 

The  first  study  cited  consisted  of  measurements  of  the  blood  pressure  in  pa- 
tients with  pneiunonia  by  Newburgh  and  Minot  in  the  wards  of  the  Massachu- 
setts General  Hospital.  The  remaining  studies  are  of  experimental  pneiunonia. 
These  investigations,  as  well  as  the  present  research,  were  made  in  the  Laboratory 
of  Comparative  Physiology  in  the  Harvard  Medical  School,  and  under  its  direc- 
tion. The  cost  of  the  present  research  was  met  in  part  by  a  grant  from  the  Proc- 
tor Gift,  contributed  by  the  Department  of  Medicine  in  the  Harvard  Medical 
School. 
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2.  With  the  idea  that  substances  toxic  to  the  nervous  system  might 
be  formed  in  the  pneumonic  lung,  the  blood  was  withdrawn  from  dogs 
dying  of  pneumonia  and  injected  into  healthy  dogs,  whose  respiratory 
reaction  to  carbon  dioxide  was  then  measured. 

3.  The  cyanosis  so  common  in  pneumonia  would  suggest  that  a  lack 
of  oxygen  might  be  the  cause  of  the  respiratory  failure.  In  order  to 
test  this  possibiUty,  pneumonic  animals  were  kept  in  oxygen,  the  par- 
tial pressure  of  which  was  many  times  that  of  the  atmosphere.  In 
other  animals,  oxygen  was  passed  slowly  through  capillary  areas. 

Attempts  were  made  to  induce  dyspnoea  through  depriving  the  ani- 
mals of  oxygen  by  bleeding.  The  effect  was  increased  by  maintaining 
the  animals  in  a  vertical  position. 

Further,  the  removal  of  oxygen  was  attempted  by  depriving  the  red 
corpuscles  of  their  binding  power  by  mixing  illuminating  gas  with  the 
inspired  air. 

Finally,  the  protection  of  the  respiratory  center  from  exhaustion 
was  sought  by  giving  prolonged  artificial  respiration. 

4.  Efforts  were  made  to  reproduce  the  respiratory  disorder  of  pneu- 
monia by  placing  a  dog  for  many  hours  in  an  atmosphere  containing 
from  7  to  12  per  cent  of  carbon  dioxide,  a  quantity  sufficient  to  cause 
deep  respirations  at  a  rate  of  about  fifty  per  minute. 

5.  Since  the  respiratory  disorder  in  pneumonia  is  mam'fested  both  in 
the  lungs  and  in  the  respiratory  bulbar  center,  and  since  these  two  are 
connected  by  the  vagus  nerves,  a  causal  relation  between  the  dyspnoea 
and  the  exhaustion  of  the  respiratory  center  was  sought  by  section  of 
these  nerves.  This  procedure  led  us  to  the  discovery  that  section  of 
the  vagus  nerves  protects  the  respiratory  cells  and  prevents  their  ex-, 
haustion  in  pneumonia.  Moreover  in  pneumonic  dogs  in  which  both 
vagus  nerves  have  been  cut,  the  rate  of  respiration  remains  normal. 

II.    GENERAL  METHOD 

In  the  experiments  mentioned  above  the  condition  of  the  respira- 
tory center  was  determined  by  measuring  its  reaction  to  carbon  diox- 
ide. Haldane  has  shown  that  carbon  dioxide  is  the  normal  stimulus 
for  the  discharge  of  respiratory  impulses.  When  an  animal  breathes 
through  a  closed  system  of  tubes,  as  in  figure  1,  the  carbon  dioxide  in 
the  inspired  air  progressively  increases.  In  normal  animals,  the  in- 
crease in  the  carbon  dioxide  stimulates  the  respiratory  center  and  causes 
a  corresponding  increase  in  the  volume  of  the  air  passing  in  and  out  of 
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the  chest.  Thus,  in  cats  and  dogs,  when  the  carbon  dioxide  rises  to  3 
per  cent,  the  volume  of  the  air  inspired  is  usually  doubled.  The  con- 
dition of  the  respiratory  mechanism  is  revealed  by  the  volume  of  air 
breathed  per  minute  as  the  carbon  dioxide  in  the  inspired  air  rises  from 
1  to  5  per  cent. 

The  apparatus  for  this  measurement  is  shown  in  figiure  1.  The  tra- 
cheal cannula  of  the  animal  in  which  the  respiratory  reaction  was  to 
be  measured  was  joined  to  a  rubber  tube  placed  between  two  Tissot 
valves'  connected  in  such  a  way  that  the  animal  breathed  into  a 
spirometer^  and  out  of  a  bottle  connected  in  its  turn  with  the  spirom- 
eter, so  that  the  lungs,  the  spirometer,  the  bottle,  and  the  connecting 
tubes  formed  a  closed  system.     Evidently,  by  this  method  the  volume 


Fig.  1.  Apparatus  for  measuring  the  respiratory  reaction  to  carbon  dioxide. 
From  left  to  right;  the  kymograph;  the  spirometer;  the  Tissot  valves,  v,v^;  the 
bottle;  the  mercury  sample  tubes.  The  electromagnetic  sig^nal  and  the  Hal- 
dane  Apparatus  are  not  shown. 

of  the  air  passing  into  and  out  of  the  chest  was  recorded  by  the  spirom- 
eter, while  the  carbon  dioxide  exhaled  by  the  animal  constantly 
accumulated  in  the  closed  system. 

Samples  of  the  air  thus  enriched  with  the  carbon  dioxide  were  with- 
drawn at  frequent  intervals  by  the  mercury  tubes  shown  in  figure  1. 
As  each  sample  was  taken,  a  mark  was  made  on  the  spirometer  record 
above  the  tune  record  (the  electric  time  signal  is  not  shown  in  fig.  1). 
As  the  carbon  dioxide  in  the  respired  air  increased,  the  spirometer  curve 
became  deeper  until  the  maximum  reaction  was  reached.^  The  spirom- 
eter was  empirically  graduated  by  recording  the  vertical  rise  of  its 

*  Metal  flap  valves  so  lightly  constructed  as  not  to  impede  respiration. 

*  This  aeroplethysmograph  was  invented  by  Prof.  J.  Gad. 

*  Shown  in  figure  3. 


Digitized  by 


Google 


178  W.   T.    PORTER  AND   L.    H.   NEWBURGH 

writing  point  with  each  increase  of  50  cc.  in  its  contents.  When  the 
experiment  was  finished  the  empirical  graduation  scale  was  used  to 
measure  the  number  of  cubic  centimeters  breathed  in  the  minute 
nearest  the  mark  at  which  the  air  sample  was  withdrawn.  The  air  in 
the  sample  was  analyzed  for  carbon  dioxide  with  a  Haldane  apparatus 
and  the  percentage  written  against  the  ventilation  (see  table  1).  Thus, 
the  cubic  centimeters  breathed  per  minute  as  the  carbon  dioxide  rose 
from  the  atmospheric  level  to  3  per  cent  or  more  were  recorded  ac- 
curately. When  plotted  on  coordinate  paper*  a  curve  results,  express- 
ing the  reaction  of  the  respiratory  mechanism  to  increasing  quantities 
of  carbon  dioxide.  Upon  this  curve  may  be  read  the  cubic  centimeters 
breathed  per  minute  at  1,  2,  3,  or  4  per  cent  of  carbon  dioxide.  Tlie 
data  for  tables  1  to  4  were  obtained  in  this  way. 

The  organism  employed  was  the  Bacillus  pneumoniae  of  Friedlander.^ 
It  was  passed  through  three  guinea  pigs  to  increase  its  virulence  to  such 
a  degree  that  1  cc.  of  a  broth  culture  injected  into  the  peritoneum 
killed  a  guinea  pig  in  twelve  hoiu*s.  Its  virulence  was  kept  at  this 
point  by  occasional  passage  through  additional  guinea  pigs. 

Pneumonia  was  produced  by  injecting  into  the  trachea,  broth  cul- 
tures incubated  from  eighteen  to  twenty-four  hoiuis.  The  quantity 
injected  varied;  we  found  that  2  cc.  per  kilo  caused  death  in  dogs  usu- 
ally in  about  thirty  hours. 

In  pneumonic  dogs  with  intact  vagi,  the  fatal  issue  is  usually  pre- 
ceded by  a  characteristic  fall  in  temperature;  this  fall  was  often  absent 
in  pneumonic  dogs  in  which  the  vigi  had  been  cut. 

The  measiu'ements  of  pneumonic  animals  made  in  this  investigation 
were  made  only  on  cats  and  dogs  that  afterwards  died  of  the  disease, 
and  in  whom  an  autopsy  showed  the  presence  of  tjrpical  consoUdation. 

All  operations  that  might  give  pain  were  performed  under  ether  or 
morphine  or  both.* 

III.    PRELIMINARY  EXPERIMENTS 

The  injection  of  the  Bacillus  pneumoniae  into  a  vein.  In  order  to 
separate  the  possible  action  of  the  bacterial  poison  upon  the  bulbar 
cells  from  the  pneumonic  process  in  the  lung,  a  lethal  dose  of  a  culture 
of  the  Friedlander  bacillus  was  injected  into  a  vein. 

•  Shown  in  figure  4. 

^  For  the  bacteriological  examination  we  are  indebted  to  Dr.  C.  C  Page.  See 
Newburgh,  Means  and  Porter,  the  Journ.  of  Exper.  Med.,  1916,  xxiv,  583-603. 

•  For  further  details  regarding  method,  see  Newburgh,  Means  and  Porter,  loc. 
cit. 
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In  the  experiment  of  February  2, 1916,  15  cc.  of  a  broth  culture  were 
injected  into  the  femoral  vein  of  a  dog  at  4  p.m.  The  rectal  tempera- 
ture rose  to  40°C.  An  hour  before  death,  the  temperature  had  fallen 
to  38*^.  The  respiratory  reaction  was  measured  at  six  hours  and  at 
one  hour  before  death,  which  occurred  thirty  hours  after  inoculation. 
The  second  measurement  is  given  in  table  1.  It  was  made  while  the 
animal  was  in  complete  coma,  and  wholly  insensitive  to  pain.  The 
respiratory  reaction  is  normal.  A  second  experiment  also  gave  a  nor- 
mal result. 

TABLE  1 

The  respiratory  reaction  to  carbon  dioxide  in  a  dOg  in  which  BactUua  pneumoniae 
woe  injected  into  the  femoral  vein,  causing  a  fatal  hcuiteremia  without  injury  to  the 
lungs.    Ofhe  hour  before  death. 
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vereerU 

30 
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340 
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These  experiments  are  evidence  that  the  failure  of  the  respiratory 
center  in  pneumonia  cannot  be  explained  by  the  bacterial  poison  in 
the  blood. 

The  injection  of  pneumonic  blood  into  healthy  dogs.  It  is  conceivable 
that  the  pathological  process  in  the  lung  might  develop  poisons  which, 
when  passed  into  the  blood,  would  reach  the  respiratory  nerve  cells. 
Evidence  against  this  possibility  was  obtained  by  injecting  into  a 
healthy  dog,  previously  bled,  the  blood  from  dogs  about  to  die  from 
pneumonia.    The  protocol  of  this  experiment  follows: 

Experiment  on  dog  S9,  March  /,  1916 

February  28,  12.30  p.m.,  dog  37,  weight  13.5  kilos,  was  injected  in  the  trachea 
with  28  cc.  of  a  broth  culture  of  Bacillus  pneumoniae.  A  second  dog,  no.  38, 
weight  17  kilos,  received  17  cc.  of  the  culture. 

February  29,  7.30  p.m.  Dog  37  cannot  stand.  Temperature  40°C.  He  is 
bled  250  cc.  from  the  carotid  artery. 

8.30  p.m.  This  blood  is  introduced  into  the  femoral  vein  of  a  normal  dog 
(no.  39),  whose  respiratory  reaction  is  then  tested. 

March  1,  1.45  a.m.  Dog  38  is  in  coma.  Temperature  is  falling.  He  is  bled 
from  the  carotid  artery.    The  artery  is  nearly  empty.    The  blood  is  dark  and 
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thick.  400  cc.  of  this  blood  is  injected  into  dbg  39  and  several  hours  afterward 
the  respiratory  reaction  of  no.  39  is  again  measured.  It  was  normal.  On  room 
air  he  breathed  2970  cc.  per  minute;  when  the  inspired  air  contained  3  per  cent 
of  carbon  dioxide,  the  increase  in  tidal  air  was  87  per  cent;  and  at  5  per  cent  it 
was  310  per  cent. 

This  experiment  gives  no  support  to  the  hyiK>thesi8  that  the  bulbar 
cells  are  poisoned  through  the  blood  by  products  arising  in  the  pneu- 
monic limg. 

The  influence  of  oxygen  and  of  prolonged  artificial  respiration.  One 
of  the  common  clinical  signs  in  pneiunonia  is  the  early  and  prolonged 
cyanosis. 

This  would  suggest  that  the  respiratory  disorder  could  be  modified 
by  increasing  the  available  oxygen.  Not  being  certain  that  the  red 
corpuscles  were  in  a  condition  to  bind  their  normal  quantity  of  oxygen, 
it  was  resolved  to  place  the  pneumonic  animal  in  oxygen  the  partial 
pressure  of  which  should  be  great  enough  to  enable  large  quantities  to 
enter  the  plasma,  thus  rendering  the  respiratory  function  of  the  cor- 
puscles more  or  less  superfluous.  Pneumonic  cats  and  dogs  were 
placed  in  a  galvanized  iron  tank  provided  with  a  flanged  opening. 
Against  this  opening,  a  flanged  door,  containing  a  glass  window,  was 
firmly  bolted.  An  oxygen  cylinder  with  a  reducing  valve  was  con- 
nected to  a  tube  leading  into  the  respiration  tank  and  an  outflow  tube 
was  joined  to  a  safety  valve.  The  animals  were  surroimded  for  many 
hours  by  oxygen  at  a  pressure  of  25  pounds  per  square  inch.  The  gas 
within  the  tank  was  slowly  renewed  as  it  gradually  escaped  through 
the  outlet  valve.  A  dish  of  sodium  hydrate  absorbed  some,  at  least, 
of  the  carbon  dioxide.  As  the  course  of  the  disease  did  not  seem  to  be 
modified  by  this  inunersion  in  oxygen,  the  experiments  were  repeated 
under  conditions  made  more  favorable  by  the  continuous  removal  of  the 
carbon  dioxide  produced  by  the  animaPs  respiration.  As  the  appara- 
tus for  this  purpose  may  be  of  interest,  a  diagram  is  supplied  (fig.  2). 
A  motor  drives  a  pump  which  forces  oxygen  through  a  recording  gauge 
into  a  galvanized  iron  tank  containing  the  animal.  From  the  tank  the 
oxygen  passes  by  an  outlet  valve  through  sulphuric  acid  and  soda  lime 
into  a  T  tube.  One  limb  of  this  T  conducts  the  gas  to  the  intake  of 
the  pump;  the  other  limb  draws  from  a  spirometer  fed  through  a  re- 
ducing valve  from  a  cylinder  containing  oxygen  under  pressure.  The 
outlet  valve  of  the  animal  tank  was  almost  closed  so  that  the  gases 
passed  through  the  valve  at  a  pressure  just  sufficient  to  drive  them 
through  the  sulphuric  acid  and  soda  lime  to  the  intake  of  the  pump. 
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During  this  passage  the  gases  were  dried  and  the  carbon  dioxide  re- 
moved. Frequent  analyses  showed  that  the  carbon  dioxide  in  the  ani- 
mal tank  was  less  than  0.5  per  cent.  The  oxygen  abstracted  by  the 
animal  was  replaced  from  the  oxygen  cylinder  by  an  assistant  who  al- 
lowed gas  to  pass  through  the  reducing  valve  at  a  rate  that  would  keep 
the  spirometer  cover  from  either  rising  or  falling. 

In  none  of  the  numerous  experiments  in  which  the  animals  were  kept 
for  hours  in  oxygen  at  a  high  partial  pressure  was  there  any  clear  evi- 
dence that  the  progress  of  the  disease  was  thecked  or  the  condition  of 
the  animal  materially  improved.  It  was  particularly  noticeable  that 
no  significant  change  occurred  either  in  the  frequency  or  the  depth  of  the 
respiration. 


/  H  ^noV. 


Fig.  2.  Apparatus  for  maintaining  an  animal  under  pressure  and  free  from 
carbon  dioxide.    . 

Not  having  produced  a  favorable  result  by  immersing  the  animal  in 
oxygen  \mder  pressure,  the  forlorn  hope  remained  that  pure  oxygen 
could  be  passed  through  a  capillary  area  so  slowly  that  it  might  be 
taken  up  by  the  red  corpuscles  quickly  enough  to  avoid  gas  embolism. 
Oxygen  was  therefore  allowed  to  enter  very  slowly  the  peripheral  end 
of  the  femoral  artery,  and  the  femoral  vein  was  exposed  to  observe  the 
result.  The  outcome  was  interesting.  A  succession  of  small  cyUn- 
ders  of  deeply  venous  blood  passed  through  the  vein,  each  separated 
from  the  next  by  an  approximately  equal  mass  of  oxygen.  No  change 
in  the  color  of  the  venous  blood  was  observed,  even  where  it  was  in 
contact  with  the  gas.  After  a  few  minutes,  the  gas  collected  in  the 
heart  and  a  rough  hissing  sound  could  be  distinctly  heard  with  each 
contraction.    Death  followed  very  shortly. 
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In  the  attempt  to  secure  evidence  that  the  dyspnoea  was  due  to 
lack  of  oxygen,  large  numbers  of  red  corpuscles  were  withdrawn  by 
bleeding  and  the  possible  anaemia  of  the  bulbar  cells  was  further  in- 
creased by  placing  the  animals  in  a  vertical  position.  These  experi- 
ments failed  to  produce  dyspnoea. 

Efforts  were  also  made  to  produce  oxygen  hunger  by  uniting  the 
haemoglobin  with  carbon  monoxide.  To  this  end,  illuminating  gas 
was  mixed  with  the  inspired  air.  Dyspnoea  did  not  appear,  even  when 
the  carbon  monoxide  was  pushed  so  far  that  the  dogs  became  comatose. 

Since  the  prolonged  dyspnoea  in  pneumonia  must  obviously  be  ex- 
hausting, attempts  were  made  to  rest  the  respiratory  apparatus  by 
artificial  respiration  and  thus  conserve  the  animal's  strength  imtU  the 
crisis  might  give  a  favorable  turn  to  the  disease.  This  hope  was  not 
reaUzed.  The  animals  with  intact  vagi  appeared  to  resist  the  arti- 
ficial respiration;  the  frequency  of  their  respiratory  discharges  did  not 
diminish.  Dogs  in  which  section  of  both  vagus  nerves  caused  the  ir- 
regular spasmodic  type  of  vagal  breathing  sometimes  seemed  more  com- 
fortable imder  artificial  respiration,  and  their  temperature  sometimes 
fell  several  degrees,  but  death  commonly  followed  after  the  usual  in- 
terval. 

Hyperpnoea  from  inhalation  of  carbon  dioxide.  Trusting  that  the 
respiratory  center  would  be  exhausted  by  rapid,  deep  respirations,  ex- 
tending over  many  hours,  a  dog  was  placed  in  an  air-tight  box  through 
which  was  passed  a  stream  of  air  containing  carbon  dioxide  and  oxygen. 
The  experiment  began  at  2.30  p.m.,  February  15,  1916.  During  nine 
hours,  the  dog  breathed  an  atmosphere  containing  from  7.58  to  12.40 
per  cent  of  carbon  dioxide.  The  oxygen  varied  from  16.6  to  21.8  per 
cent.    The  respirations  averaged  about  50  per  minute. 

At  11.30  p.m.  the  dog  was  taken  out  of  the  carbon  dioxide  box  and 
his  respiratory  reaction  was  inunediately  tested.  On  breathing  room 
air,  the  tidal  flow  was  2800  cc.  per  minute;  on  breathing  air  containing 
6.94  per  cent  carbon  dioxide,  the  ventilation  reached  the  extraordinary 
figure  of  28,200  cc.  per  minute,  an  increase  of  900  per  cent.  The  res- 
piratory center  had  not  been  impaired  by  the  prolonged  hyperpnoea . 

It  will  be  seen  from  the  preceding  accoimt  that  the  number  of  ex* 
periments  performed  to  test  each  hypothesis  was  small.  Nevertheless, 
the  experiments  sufficiently  indicated  that  none  of  these  hypotheses 
explained  the  exhaustion  of  the  respiratory  apparatus  in  pneumonia. 

Attention  was  therefore  directed  toward  a  fifth  possibility,  namely, 
that  during  the  disease,  nerve  impulses  arising  in  the  limg  are  trans- 
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mitted  along  the  vagus  nerves  to  the  bulbar  respiratory  cells.  These 
vagal  impulses,  acting  through  many  hours,  might  modify  the  condi- 
tion of  the  respiratory  cells  in  such  a  way  that  they  could  no  longer 
react  to  carbon  dioxide.  This  hypothesis  derives  weight  from  the 
striking  difference  in  the  results  of  injecting  a  fatal  dose  of  the  Bacillus 
pneumoniae  into  a  vein  as  compared  with  those  which  follow  its  in- 
jection into  the  lungs.  In  both  cases  there  is  a  bacteraemia.  When 
this  bacteraemia  is  associated  with  inflammation  of  the  limgs,  a  pant- 
ing respiration  is  the  most  prominent  symptom  of  the  disease.  When 
the  lungs  are  not  affected,  the  breathing  remains  normal  until  the  ani- 
mal dies.  The  lungs  can  reach  the  bulbar  respiratory  cells  through 
the  blood  or  through  the  vagus  nerves.  The  changes  in  the  blood  do 
not  produce  dyspnoea.  We  therefore  turned  to  the  vagus  nerves. 
The  experiments  in  support  of  the  vagal  h3rpothesis  are  divided  into 
two  groups:  first,  those  in  which  both  vagus  nerves  were  cut  in  the 
neck;  second,  those  in  which  the  left  vagus  was  cut  in  the  neck,  and  the 
right  vagus  was  cut  in  the  chest  after  the  manner  of  Pawlow.* 

IV.   THE  RESPIRATORY  REACTION  IN  PNEUMONIC  DOGS  WITH  BOTH  VAGI 

CUT  IN  THE  NECK 

Table  2  presents  the  respiratory  reaction  to  carbon  dioxide  in  pneu- 
monic dogs  in  which  both  vagus  nerves  were  cut  on  a  level  with  the 
upper  rings  of  the  trachea.  It  will  be  noted  that  these  measurements 
were  made  from  two  and  three-quarters  hours  to  fifteen  minutes  before 
death.  The  average  reaction  in  normal  dogs  on  inspiration  of  air  con- 
taining 3  per  cent  of  carbon  dioxide  is  an  increase  of  96  per  cent  in  the 
tidal  air  per  minute.  In  the  six  vagotomized  pneumonic  dogs,  the  re- 
action is  84  per  cent.  One  dog  increased  142  per  cent.  Dog  45  gave 
a  very  poor  reaction.  This  was  because  we  were  unable  to  get  him  to 
breathe  quietly  at  the  beginning  of  the  test.  If  this  experiment  be 
omitted,  the  remaining  five,  when  the  inspired  air  contained  3  per 
cent  of  carbon  dioxide,  will  show  an  increase  of  91  per  cent  in  the 
tidal  air.  The  reaction  in  these  vagotomized  pneumonic  dogs  was 
normal.  On  the  other  hand,  dogs  at  the  same  stage  of  the  disease  but 
with  vagi  intact  increased  their  tidal  air  by  only  46  per  cent.  Hence, 
section  of  the  vagus  nerves  protects  the  respiratory  mechanism  from 
the  impairment  always  observed  in  this  disease  when  the  vagus  nerves 
are  intact. 

•  Pawlow,  J.  P. :  The  Work  of  the  Digestive  Glands  (transl.  by  W.  H.  Thomp- 
son), Chas.  Griffin  &  Co.,  1910.    2nd  English  Ed.    54. 
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TABLE  2 

Respiratory  reaction  to  carbon  dioxide  by  pneumonic  dogs  tpith  both  vagi  cut  in  the 
neck  during  the  course  of  the  disease 


1 

ij 

PEBCEMTIUB 

o 

INCRCA8C  IS  TIDAL 

2 

■ 

1 

i2 

AIB  A8CASBOM 

s 

fc 

§ 

m  * 

DIOXIDC  IN  THE  IN- 

H 

DATS 

h 

>g 

im 

aPIRBO  AXB  IK- 

s 

m 
31 

1 

B 

o 

1916 

an 
sa 

3« 

Hi 

CSBAAKD  FROM  1  TO 
SPKBCXirr 

g 

1 

2 

s 

kilM 

per 

per 

?«»• 

ce. 

enU 

cent 

eatl 

44 

B 

5.5 

March  11 

i 

35** 

2,270 

13 

14 

45 

93 

45 

A 

8.0 

March  12 

i 

40'' 

4,640 

18 

17 

32 

45 

51 

B 

4.5 

March  14 

2 

3r 

1,500 

8 

24 

57 

88 

54 

A 

8.5 

March  26 

i 

40^ 

3,300 

20 

18 

42 

64 

56 

A 

6.5 

March.25 

2f 

36  5'' 

3,040 

13 

11 

42 

70 

57 

B 

6.5 

March  26 

i 

39.5*' 

2,620 

21 

48 

116 

142 

Average 

.6.6 

2,878 

16 

22 

56 

84 

The  reaction  to  carbon  dioxide  in  the  pneumonic  vagotomized  dog 
recorded  in  table  2  is  indeed  greater  than  the  reaction  observed  in  three 
vagotomized  dogs  without  pneumonia.  The  measurements  of  these 
normal  vagotomized  dogs  are  given  in  table  3.  At  3  per  cent  of  carbon 
dioxide  they  increased  their  tidal  air  by  68  per  cent. 

It  will  be  observed  in  table  2  that  the  initial  ventilation  averages 
2878  cc.  per  minute.  This  is  not  unusual  in  dogs,  the  average  weight 
of  which  is  but  6.6  kilos.  Thus  in  an  experiment  performed  April  13, 
1916,  a  dog  wholly  normal,  except  for  tracheotomy,  had  an  initial  ven- 
tilation of  1610  cc.  per  minute.    When  the  air  inspired  contained  3 

TABLE  3 
Respiratory  reaction  to  carbon  dioxide  in  normal  dogs  with  both  vagi  cut  in  the  neck 
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per  cent  of  carbon  dioxide,  his  ventilation  increased  118  per  cent.  His 
weight  was  4.5  kilos. 

The  reader  is  reminded  that  the  decrease  in  rate  after  double  vagus 
section  is  usually  held  to  be  balanced  by  an  increase  in  depth,  so  that 
the  total  ventilation  remains  substantially  the  same.  Without  making 
any  general  statement  with  regard  to  this,  it  may  be  pointed  out  that 
the  initial  ventilation  in  two  of  the  three  vagotomized  but  otherwise 
normal  dogs  listed  in  table  3  was  greater  than  the  ventilation  in  the 
wholly  normal  dog  of  April  13. 

The  reader  will  also  remember  that  Haldane  has  conclusively  shown 
that  ventilation  is  not  to  be  measured  simply  by  the  tidal  air.  A  dif- 
ference between  the  air  that  passes  in  and  out  of  the  chest  and  the  air 
that  passes  in  and  out  of  the  alveoli  must  be  kept  in  mind.  Deep  in- 
frequent breathing  may  ventilate  the  alveoU  better  than  frequent  shal- 
low breathing,  even  when  the  shallow  breathing  brings  more  air  per 
minute  into  the  chest.  In  shallow  breathing,  a  greater  portion  of  the 
tidal  air  may  be  spent  on  the  dead  space.  In  short,  it  does  not  follow 
that  a  small  ventilation  in  small  vagotomized  dogs  indicates  abnor- 
mally small  tidal  movement  or  is  necessarily  an  evidence  of  imperfect 
ventilation. 

If  the  five  vagotomized  dogs  in  table  2  whose  initial  ventilation  is 
small  reacted  vigorously  to  carbon  dioxide  because  of  their  small  initial 
ventilation,  a  vagotomized  dog  whose  initial  ventilation  is  large  should 
react  less  vigorously.  In  our  experience  this  is  not  the  case.  On  June 
13,  the  respiratory  reaction  was  measured  in  a  vagol^omized  dog  (no. 
91)  fifty  minutes  before  death  from  pneumonia.  The  initial  ventila- 
tion was  5140  cc.  per  minute.  When  the  inspired  air  contained  3  per 
cent  of  carbon  dioxide,  the  ventilation  was  doubled.  On  June  28,  a 
vagotomized  dog  (no.  100)  was  tested  just  before  death  from  pneu- 
monia. His  initial  ventilation  was  5300  cc.  per  minute.  At  3  per  cent 
of  carbon  dioxide,  the  ventilation  was  10,000  cc.  per  minute. 

When  the  tidal  air  per  minute  is  divided  by  the  weight  of  the  animal 
in  kilos,  a  ventilation  which  appears  small  may  be  found  normal.  Thus 
the  average  ventilation  of  the  six  vagotomized  pneumonic  dogs  in 
table  2  is  2878  cc.  per  minute.  The  dog  of  June  13  had  an  initial  ven- 
tilation 5140  cc.  per  minute.  Bui  the  dogs  of  table  2  weighed  as  an 
average  6.6  kilos  and  the  dog  of  June  13  weighed  12  kilos.  The  ventila- 
tion per  minute  per  kilo  in  the  dogs  of  table  2  was  437  cc,  while  in  the 
dog  of  June  13,  which  weighed  twice  as  much,  it  was  442  cc.  If  this  dog 
of  June  13,  which  weighed  12  kilos  and  breathed  442  cc.  per  minute 
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per  kJIo  is  compared  with  the  vagotomized  pneumonic  dog  56  (table  2), 
who  weighed  one-half  as  much  but  who  breathed  468  cc.  per  minute 
per  kilo,  it  is  at  once  clear  that  the  small  initial  ventilation  of  the 
vagotomized  dogs  of  table  2  is  apparent  rather  than  real. 

In  our  conmiimication  on  "The  Respiratory  Mechanism  in  Pneu- 
monia/' we  showed  at  length  that  the  reaction  to  carbon  dioxide  was 
independent  of  the  initial  ventilation.  It  is  not  necessary  to  go  over 
this  ground  again.^® 

It  will  hardly  be  denied  that  a  critical  examination  of  table  2  bears 
out  the  assertion  that  double  vagotomy  prevents  the  exhaustion  of  the 
respiratory  center. 

V.  THE  RESPIRATORY  REACTION  IN  PNEUMONIC  DOGS  WITH  ONE  VAGUS 
CUT  IN  THE  CHEST  AND  THE  OTHER  VAGUS  CUT  IN  THE  NECK 

For  our  purposes,  the  section  of  both  vagus  nerves  in  the  neck  has 
serious  disadvantages.  If  the  nerves  were  cut  during  the  course  of  the 
disease,  the  dogs  would  sometimes  become  markedly  cyanotic  and 
would  then  struggle,  apparently  for  oxygen.  The  breathing  in  these 
cases  was  usually  spasmodic  and  irregular.  Such  animals  are  obviously 
imsuited  for  testing  the  respiratory  reaction.  None  such  were  used  in 
table  2,  though  one  restless  dog  (no.  45)  was  accepted  with  the  reser- 
vation already  noted.  Moreover,  death  often  took  place  before  the 
period  at  which  it  would  have  been  expected  had  not  the  vagus  nerves 
been  cut.  As  it  was  important  for  our  results  to  test  the  respiratory  re- 
action just  before  the  death  from  pneumonia,  premature  death  from 
an  intercurrent  operation  could  not  be  passed  over.  To  avoid  this  dif- 
ficulty, we  planned  to  cut  the  vagus  nerves  and  to  allow  the  animals 
to  recover  before  they  were  inoculated.  This  proved  to  be  impracti- 
cable. After  double  vagotomy  in  the  neck,  the  dogs  could  retain  neither 
food  nor  drink.  They  all  died  within  three  days.  It  seems  that  a 
similar  obstacle  was  encountered  by  Pawlow,"  who  overcame  it  by 
severing  the  right  vagus  in  the  chest,  between  the  cardiac  and  the 
pulmonary  branches.  This  point  is  considerably  distal  to  the  origin 
of  the  recurrent  laryngeal  nerve.  As  the  procedure  has  been  highly 
useful,  a  description  of  our  technique  may  not  be  out  of  place. 

A  strong,  short-haired  dog"  weighing  about  8  kilos  is  tied  upon  a  well 
scrubbed  board  and  etherized.    When  the  anaesthesia  is  sufficiently 

^^  See  The  Journal  of  Experimental  Medicine,  1916,  xxiv,  58^-603. 

"  Pawlow,  J.  P.    loc.  cit. 

"  Dogs  with  distemper  should  be  carefully  avoided. 
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deep,  the  mouth  is  held  open  by  straps  passing  behind  the  canine  teeth, 
the  tongue  is  drawn  forward  and  a  rubber  tube  ahnost  the  size  of  the 
trachea  is  passed  through  the  glottis  down  to  the  bifurcation.  At  the 
other  end  of  the  tube  is  a  glass  Y,  one  limb  of  which  is  left  open,  to 
be  stopped  at  wiU  by  the  finger  of  the  anaesthetist.  The  third  limb 
is  connected  with  an  ether  flask  through  which  passes  a  continuous  air 
current.  An  additional  inhalation  of  ether  can  be  secured  by  standing 
the  ether  flask  in  a  basin  of  warm  water.  The  hair  is  now  closely  cut 
over  the  ri^t  upper  chest,  which  is  then  thoroughly  scrubbed  with  a 
broad  nail  brush  and  hot  soapsuds.  This  region,  except  the  second  inter- 
costal space,  is  then  covered  with  clean  towels  soaked  in  corrosive 
sublimate  solution.  The  instruments  are  two  large,  broad  retractors, 
one  long  and  one  short  dissecting  forceps,  curved  and  straight  scissors, 
a  right-angled  artery  hook,  a  ''seeker,"  six  long-handled  haemostatic 
forceps,  eight  straight  and  four  curved  threaded  needles,  several  liga- 
tures, a  knife,  and  a  dozen  "sponges"  of  absorbent  cotton  wrung  out 
of  corrosive  sublimate  solution  and  placed  in  a  sterile  beaker.  The 
instruments  were  thoroughly  boiled  before  each  operation,  and  were 
th^i  laid  out  upon  a  small  movable  stand  which  had  been  covered  with 
a  sterile  cloth.  The  operator,  the  assistant,  and  the  anaesthetist  wore 
the  usual  white  suits.  The  operator  used  a  frontal  mirror  to  light  the 
interior  of  the  chest.  An  incision  was  made  through  the  skin  and  the 
muscles  over  the  second  intercostal  space  from  the  border  of  the  axilla 
to  the  edge  of  the  sternum.  The  chest  was  opened  in  tins  line  and  the 
opening  widened  with  two  retractors,  held  by  the  assistant.  Care  must 
be  taken  not  to  press  on  the  superior  vena  eava.  The  right  vagus  nerve 
lies  on  the  trachea  beneath  the  superior  vena  cava.  The  connective 
tissue  is  grasped  with  the  long  dissecting  forceps,  the  nerve  is  freed 
with  the  seeker,  held  gently  with  the  forceps,  and  severed  on  both 
sides  of  that  instrument.  The  removal  of  a  portion  of  the  nerve  fore- 
stalls any  doubt  as  to  its  section.  The  right  vagus  nerve  lies  beneath 
the  superior  vena  cava;  the  right  phrenic  nerve  lies  upon  that  vein  and 
must  on  no  account  be  injured.  With  practice,  the  vagus  operation 
can  be  done  in  a  few  minutes.  When  the  retractors  are  withdrawn,  the 
divided  pectoralis  major  muscle  is  brought  together  with  three  or  four 
deep  ligatures  placed  with  curved  needles.  The  blades  of  a  forceps  are 
DOW  passed  into  the  chest  between  two  of  the  deep  ligatures  and  the 
anaesthetist,  by  stopping  the  free  end  of  the  Y  tube  with  his  finger, 
causes  the  lung  to  expand  and  drive  the  air  out  of  the  chest.  At  this 
moment  the  forceps  is  rapidly  withdrawn  and  the  skin  wound  closed 
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with  ligatures  placed  about  1  cm.  apart.  No  dressing  is  used.  Through* 
out  the  operation,  the  dog  must  be  kept  anaesthetized  by  stopping  the 
free  end  of  the  Y  tube  suflSciently  often  to  reproduce  the  natural  respir- 
atory movements  of  the  lung.  This  intratracheal  anaesthesia  avoids  a 
tracheotomy,  the  healing  of  which  is  very  difficult. 

The  operation  can  be  warmly  recommended.  We  rarely  failed  to 
secure  a  good  recovery  within  a  few  days.  From  three  da3rs  to  a  week 
after  the  first  operation,  a  small  incision  was  made  in  the  neck  over 
the  left  vagus  nerve,  the  carotid  sheath  with  the  nerve  brought  to  the 
surface  with  a  curved  blunt  instrument,  and  the  nerve  freed  and  severed. 

Twenty-four  hours  after  the  double  vagotomy  had  been  completed, 
the  dog  ate  and  drank  with  comfort.  The  breathing  was  vagal  in 
type,  but  was  so  easy  that  the  increased  depth  and  the  diminished  rate 

TABLE  4 

Respiratory  reaction  to  carbon  dioxide  in  pneumonic  dogs  with  one  vagus  cut  in  the 
neck  and  one  cut  in  the  chest  previous  to  the  disease 
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might  readily  escape  notice.    Indeed,  the  vagal  type  could  not  be  made 
out  unless  the  animal  were  resting  quietly. 

These  animals  were  usually  inoculated  with  pneumonia  from  three 
to  seven  days  after  the  second  vagus  nerve  was  cut.  The  disease  ran 
its  usual  course  except  that  the  characteristic  final  fall  in  temperature 
was  frequently  absent  and  the  sudden  death  was  not  infrequent.  Some 
animals  were  lost  because  they  died  before  partial  coma  had  set  in, 
thus  preventing  the  testing  of  the  respiratory  reaction.  The  animal 
must  be  quiet  throughout  this  test.^'  Ether  is  of  course  impossible. 
Decerebration  cannot  be  used  with  double  vagotomy  because  this  con- 
junction produces  long,  irregular  respiratory  spasms.  It  is  therefore 
necessary  to  wait  until  the  animal  is  at  least  partially  comatose. 

^'  The  test  has  often  been  made  on  men  and  women.    It  is  quite  painless. 
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In  pneumonic  dogs  with  vagi  intact  the  hour  of  death  can  be  ap- 
proximately calculated,  but  in  pneumonic  dogs  with  both  vagi  cut  this 
calculation  is  much  more  difficult.  The  observer  who  may  repeat  these 
experiments  will  do  well  to  remain  continuously  with  his  animals,  as 
we  have  done,  during  the  thirty  or  forty  hours  of  the  disease. 

The  respiratory  reaction  to  carbon  dioxide  in  pneumonic  dogs  with 
both  vagi  cut  in  the  manner  described  above  is  shown  in  table  4.  The 
reaction  of  dog  91,  fifty  minutes  before  death,  is  shown  in  figures  3 
and  4.    The  protocol  of  this  experiment  follows: 

Experiment  June  f,  1916.    Dog  No.  91,  weight  10.6  kilos 

June  2,  II  p.m.    Right  vagus  cut  inside  the  chest. 

June  7,  4.10  p.m.    Left  vagus  cut  in  the  neck. 

June  12,  4.15  p.m.  Bronchus  injected  with  3  cc.  per  kilo  broth  culture  of 
Bacillus  pneumoniae. 

June  13,  9.15  a.m.    Temperature  105^,  respiration  18. 

June  13,  II  a.m.  Temperature  104.8".  Carbon  dioxide  reaction  measured 
(A), 

June  13,  11.30  a.m.    Temperature  101.5.    Second  measurement  (B). 

June  13,  12.30  p.m.  Temperature  101.3.  Coma.  Third  measurement  (C)  of 
carbon  dioxide  reaction. 

June  13,  1.20  p.m.    Death. 

Autopsy.  Both  vagus  nerves  severed.  Red  hepatization  of  three-fourths  of 
right  lower  and  one-half  of  right  middle  lobes. 

An  examination  of  table  4  ^d  figures  3  and  4  shows  that  the  respir- 
atory reaction  of  these  vagotomized  pneumonic  dogs  is  normal,  the 
average  increase  in  tidal  air  is  95  per  cent,  when  the  inspired  air  con- 
tains 3  per  cent  of  carbon  dioxide.  In  pneumonic  dogs  with  intact 
vagi,  this  reaction  averaged  46  per  cent.  In  normal  dogs,  it  averaged 
96  per  cent.  The  dogs  in  table  4  had  a  fairly  large  initial  ventilation, 
averaging  5120  cc.  per  minute,  or  453  cc.  per  minute  per  kilo.  The 
ventilation  of  five  normal  dogs  averaged  4344  cc.  per  minute.  As  in 
table  2,  the  dogs  with  double  vagotomy  have  no  dyspnoea  in  spite  of 
a  disease  in  which*  dyspnoea  is,  with  intact  vagi,  the  most  prominent 
symptom. 

A  critical  examination  of  the  experiments  in  table  4  would  natu- 
rally consider  the  duration  of  the  disease.  The  average  duration  of  life 
in  pneumonic  dogs  with  intact  vagi,  is  thirty  hours.  The  six  dogs  of 
table  2,  in  whom  both  vagi  were  cut  in  the  neck  during  the  course  of  the 
disease,  also  Uved,  as  an  average,  thirty  hours.  Section  of  both  vagi 
in  this  manner  and  at  this  time  does  not  therefore  shorten  the  duration 
of  the  pneumonia.     On  the  other  hand,  ten  dogs  in  whom,  previous  to 
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inoculation,  one  vagus  was  cut  in  the  chest  and  the  other  in  the  neck, 
lived,  as  an  average,  but  twenty  hours  after  inoculation.  It  might, 
therefore,  be  said  that  the  dogs  in  table  4  gave  a  normal  reaction  be- 
cause they  were  tested  ten  hours  before  the  pneumonia  alone  would 
have  killed  them.  Out  of  this  criticism  two  questions  arise:  First,  does 
pneumonia  ever  kill  dogs  with  intact  vagi  in  twenty  hours?  Second, 
if  there  are  such  cases  what  respiratory  reaction  do  they  give  shortly 
hefore  death;  or,  in  other  words,  what  is  the  result  of  measuring  their 
reaction  at  the  same  period  in  the  disease  at  which  the  reaction  of  the 
dogs  in  table  4  was  measured?    These  questions  are  answered  by  the 


Fig.  4.  The  broken  line  is  the  respiratory  reaction  of  a  vagotomized  dog 
(no.  91)  fifty  minutes  before  death  from  pneumonia.  The  unbroken  line  is  the 
average  reaction  of  five  normal  dogs. 

experiments  of  November  26  and  November  28,  1915.  In  the  first  of 
these  experiments,  dog  no.  6  lived  twenty-three  hours  and  his  respira- 
tory reaction  at  3  per  cent  of  carbon  dioxide  was  60  per  cent  measured 
three  hours  before  death.  His  temperature  was  35^C.  This  same  dog 
two  hours  previously  gave  a  normal  reaction  but  his  temperature  at 
that  time  was  38**C.  It  had  probably  been  higher  but  since  it  fell 
finally  to  33^  there  is  some  reason  to  believe  that  the  fatal  fall  had  just 
begun,  at  the  time  when  this  perfect  reaction  was  obtained.  The  sec- 
ond dog  observed  on  November  28  Uved  eighteen  hours.  His  respira- 
tory reaction  was  taken  one  hour  before  death  when  the  temperature 
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was  34°  and  the  usual  coma  was  present.  When  the  carbon  dioxide 
in  the  inspired  air  was  3  per  cent  his  tidal  air  was  increased  64  per 
cent.  These  facts  justify  the  following  statement.  Out  of  five  pneu- 
monic dogs  with  intact  vagi,  two  Hved  no  longer  than  the  dogs  in  table 
4.  When  the  inspired  air  contained  3  per  cent  of  carbon  dioxide  these 
two  increased  their  tidal  air  by  62  per  cent^  whereas  the  dogs  in  table 
4  measured  at  the  same  stage  of  the  disease  increased  95  per  cent. 

Additional  strength  is  imparted  to  table  4  by  the  history  of  the 
third  dog  of  the  group  of  five  just  mentioned.  This  animal,  no,  14, 
gav^e  on  December  1D|  19 15^  an  Lncre?ise  of  only  12  per  cent  in  the  tidal 
air  when  the  inspired  air  contained  3  per  cent  of  carbon  dioxide,  twenty- 
four  hours  after  inoculation, 

Vr,    CONCLUSIONS 

1.  Section  of  both  vagus  nerves  prevents  the  axhaustion  of  the  re- 
spiratory mechanism  in  experimental  pneumonia. 

2.  In  such  animals  there  is  no  dyspnoea.  The  rate  of  respiration 
remains  practically  unchanged  throughout  the  disease. 
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A  considerable  amount  of  evidence  has  been  accumulating  in  recent 
years  to  indicate  that  the  behavior  of  carbohydrate  in  the  animal  body 
is  in  part  dependent  upon  the  reaction  of  the  tissue  fluids.  Since 
conditions  such  as  dyspnoea,  etc.,  which  are  known  to  raise  the  H-ion 
concentration  of  the  body  fluids,  cause  hyperglycaemia  and  glycosuria, 
it  was  suggested  by  one  of  us  several  years  ago  that  such  an  increase 
in  the  H-ion  concentration  of  the  blood  suppl3ang  the  liver  cells  might 
stimulate  the  glycogenolytic  process.  Direct  evidence  in  favor  of 
this  view — and  also  showing  that  the  opposite  change  in  reaction  (in- 
creased alkalinity)  has  a  glycogen-forming  influence  (at  least  in  the 
turtle  liver) — ^was  furnished  by  Elias  (1),  who  found  in  rabbits,  after 
administration  of  dextrose  along  with  acid,  that  distinctly  less  glycogen 
accumulated  in  the  liver  and  that  the  blood-sugar  rose  much  more  than 
after  dextrose  alone.  Glycosuria  also  became  established  in  the  former 
but  not  in  the  latter  case.  Similar  results  were  obtained  by  this  in- 
vestigator in  dogs;  thus,  the  administration  of  an  amoimt  of  dextrose 
which  ordinarily  caused  no  glycosuria  did  cause  it  when  the  dextrose 
was  given  along  with  mineral  acid,  the  blood-sugar  being  also  consider^ 
ably  raised  in  the  latter  cases.  The  amoimts  of  acid  used  in  these 
experiments  were  such  as  had  previously  been  shown  by  Walter  to 
produce  distinct  changes   in  the  reaction  of  the  blood.    Elias  and 

193 


Digitized  by 


Google 


194  J.  J.   R.   MACLEOD   AND   M.   E.    FULK 

Kolb  (2)  subsequently  showed  that  starvation  diabetes  in  dogs  is 
accompanied  by  acidosis,  and  that  the  hyperglycaemia  produced  by 
giving  a  certain  amount  of  dextrose  to  such  animals  is  more  pronounced 
than  that  observed  after  the  same  amount  of  dextrose  given  to  nonnal 
animals. 

Regarding 'the  action  of  alkali  in  causing  a  decrease  in  the  sugar- 
concentration  of  the  blood,  or,  in  cases  of  glycosuria,  in  that  of  the 
urine,  several  researches  have  recently  been  recorded.  These  date 
from  the  discovery,  annoimced  in  1911  by  Pavy  and  Bywaters  (4), 
that  injection  of  alkali  into  the  portal  system  inhibits  post-mortem 
glycogenolysis  in  the  liver,  and  that  the  glycosuria  usually  produced 
by  ether  and  chloroform  in  cats  is  abolished  by  the  injection  intrave- 
nously of  about  0.75  grams  per  kilogram  of  sodiiun  carbonate  (Pavy  and 
Godden  (5)).  These  authors  also  stated,  though  they  gave  no  data, 
that  irritation  of  the  vagus  nerve  in  the  neck  failed  to  cause  glycosuria 
in  cats  to  which  sodium  carbonate  had  previously  been  given.  Murlin 
and  B[ramer  (6)  have  discovered  that  the  glycosuria  in  complete  pan- 
creatic diabetes  can  be  caused  to  disappear  by  the  injection  of  300  cc. 
of  a  1  per  cent  solution  of  Na^COs,  and  that  meanwhile  the  blood- 
sugar  does  not  at  least  increase,  and  Underbill  (7)  has  recently  shown 
in  normal  rabbits  that  the  intravenous  injection  of  80  to  100  cc.  of 
0.4  per  cent  NatCOi  causes  a  hypoglycaemia  lasting  for  one  to  one  and 
one-half  hoiu^,  but  capable  of  being  maintained  by  renewal  of  the 
alkaline  injection.  By  administration  of  alkaU  (0.5  grams)  at  an 
interval  of  one-half  to  one  hour  previous  to  that  of  adrenin,  this  author 
has  also  foimd  that  the  blood-sugar  does  not  rise  so  high,  nor  does  the 
increase  last  for  so  long  a  time,  as  in  normal  rabbits  after  a  similar 
injection  of  adrenin,  and  the  glycosuria  is  much  less. 

The  imdoubted  hypoglycaemic  effect  of  alkali  administration  and 
the  probable  hyperglycaemic  effect  of  acid  might  be  explained  as  due 
either  to  an  influence  on  the  glycogenolytic  process  in  the  liver  (and 
muscles)  or  to  alterations  in  the  rate  of  sugar  utilization  of  the  tissues. 
To  throw  light  on  this  question,  Murlin  and  B[ramer  (6)  have  observed 
the  behavior  of  the  respiratory  quotient  following  the  administration 
of  Na2C03  to  normal,  and  to  partially  and  totally  depancreated,  dogs. 
No  increase  in  the  respiratory  quotient  was  found  to  occur  in  the  normal 
animal,  but  when  thje  alkali  was  given  intravenously,  along  with  dex- 
trose to  a  diabetic  animal,  whose  urine  had  been  rendered  sugar-free 
even  while  on  full  diet,  by  previous  administration  of  NaaCOj,  a  dis- 
tinct rise  in  the  respiratory  quotient  was  observed.    A  limited  capacity 
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to  oxidise  glucose,  in  another  partially  depancreated  dog,  was  found  to 
be  increased  by  giving  Na2C08  along  with  glucosa,  although  Na2C0» 
alone  had  no  influence.  Administration  of  the  carbonate  and  glucose 
was  also  fotind  by  these  authors  to  cause  a  marked  rise  in  the  respiratory 
quotient  on  the  fifth  day  after  total  pancreatectomy  in  a  dog. 

These  results  are  interpreted  as  indicating  that  the  alkaU  stimulates 
increased  utilization  of  dextrose  in  the  tissues.  This  might  alone  be 
suflScient  to  accoimt  for  the  decrease  in  blood-sugar  concentration, 
but  there  is  nothing  in  the  experiments  which  negatives  the  view,  orig- 
inally suggested  by  Pavy's  wprk  above  referred  to,  that  an  equally  im- 
portant cause  may  be  a  lessening  in  the  rate  of  discharge  of  dextrose 
from  the  liver.  To  investigate  this  possibility,  Kramer  and  Marker  (8) 
estimated  the  glycogen  in  the  liver  and  muscles  of  a  totally  depancreated 
dog  that  had  been  caused  to  retain  considerable  quantities  of  dextrose 
while  on  a  meat  diet,  by  administration  of  sodium  carbonate.  Since 
only  traces  were  found,  they  conclude  that  the  "retained"  dextrose 
cannot  have  been  stored  as  glycogen.  Evidently  recognizing  the 
possible  fallacies  that  are  well-known  to  be  incurred  in  such  experi- 
ments, the  authors  performed  a  second  experiment,  in  which  a  totally 
depancreated  dog  was  first  of  all  rendered  a-glycogenic  by  adrenin 
administration,  and  was  then  given  meat  and  carbonate  imtil  consider- 
able glucose,  which  must  have  been  derived  from  protein,  had  been 
retained.  On  again  giving  adrenin,  it  was  foimd  that  no  increase  in 
sugar-excretion  occurred,  thus  indicating  that  "none  of  the  glucose 
retained  had  been  stored  as  glycogen, "  nor  could  the  dextrose  be  shown 
to  be  "eliminated  by  way  of  the  saliva  or  the  gastro-intestinal  tract." 
Until  further  details  are  available  it  is  impossible  to  appraise  the  value 
of  the  results  of  these  well-conceived  experiments. 

The  apparent  rapidity  with  which  the  hypoglycaemic  effect  of  alkali 
becomes  developed  (cf.  Underhill)  suggested  to  us  that  it  might  be 
possible  to  decide  whether  this  depends  on  a  depression  of  the  glyco- 
genolytic activity  of  the  liver,  by  comparison  of  the  sugar-content  of 
the  blood  flowing  into  and  out  of  the  liver,  and  likewise  whether  there 
was  increased  utilization  (or  storage)  of  dextrose  by  the  muscles  by 
watching  the  behavior  of  the  sugar  in  the  venous  blood  of  muscles. 
This  has  been  the  general  nature  of  the  experiments  herein  recorded, 
and  in  undertaking  them  we  have  recognized  the  fact  that  it  is  only 
when  a  very  considerable  retention  or  secretion  of  the  sugar  is  occurring 
that  any  changes  in  the  comparative  amoimts  of  sugar  in  the  inflowing 
and  outflowing  blood  are  likely  to  be  encountered.    This  objection 
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however  applies  mainly  when  the  attempt  is  made  to  base  concIusioDS 
on  the  analysis  of  one  or  two  samples  of  blood  removed  simultaneously 
from  the  two  vessels.  When  the  samples  are  removed  from  the  two 
vessels  at  frequent  intervals,  thus  permitting  curves  to  be  drawn,  the 
method  becomes  of  much  greater  value,  although  the  differences  can 
never  be  large.  The  introduction  of  methods  for  rapid  sugar  estimation 
in  small  amoimts  of  blood  (2  cc.)  has  rendered  such  investigations 
possible. 

.  Besides  the  above  mentioned  investigations  concerning  the  influence 
of  acid  and  alkali  on  the  behavior  of  thjs  blood-fiugar,  we  have  inci- 
dentally collected  some  data  bearing  on  the  cause  of  the  very  rapid 
disappearance  of  intravenously  injected  dextrose.  A  very  complete 
review  of  the  Hterature  bearing  on  this  subject  has  recently  been  pub- 
lished by  Kleiner  (9).  The  main  fact  is  that,  after  the  injection  of 
lai^e  amoimts  of  dextrose,  for  example  about  4  grams  per  kUo  body 
weight,  the  injected  sugar  rapidly  disappears  from  the  blood  (in  ninety 
minutes  in  Kleiner's  experiments).  Although  imder  ordinary  con- 
ditions some  of  this  excess  of  dextrose  escapes  with  the  mine,  it  was 
foimd  by  Kleiner  still  to  disappear  at  about  the  same  rate  in  animals 
from  which  the  kidne3rs  had  been  removed.  In  Kleiner's  experiments 
conversion  into  glycogen  by  the  Hver  could  not  be  held  accoimtable 
for  the  disappearance  of  the  dextrose,  since  a  similar  disappearance 
also  occurred  in  animals  having  no  circulation  posterior  to  the  level 
of  the  diaphragm.  It  was  foimd  that  the  miu^cular  tissues  absorb 
the  excess  of  sugar  possibly  by  building  some  of  it  up  into  pol3r8accha- 
rides. 

There  is  one  serious  objection  to  all  of  the  experiments  of  the  above 
type,  namely,  that  by  the  rapid  addition  of  excessively  large  quan- 
tities of  dextrose  to  the  blood,  conditions  are  established  which  can 
never  obtain  in  even  the  severest  varieties  of  experimental  diabetes. 
Apart  from  the  distiu-bance  of  osmotic  relationships  between  the  blood 
and  tissue  fluid  created  by  such  injections,  the  excess  of  dextrose,  either 
because  of  its  own  presence  or  because  of  decomposition  products 
derived  from  it  (e.g.,  lactic  acid,  etc.),  may  completely  throw  out  of 
working  order  those  mechanisms  which  imder  ordinary  circumstances 
would  take  care  of  any  phjrsiological  excess  of  dextrose. 

Notwithstanding  these  criticisms,  the  experiments  of  Kleiner  and 
others  are  noteworthy  in  that  they  show  the  glycogenic  function  of  the 
hver  to  be  of  practically  no  consequence  in  absorbing  the  excess  of 
dextrose.  This  conclusion  prompted  us  in  the  present  investigation 
to  make  some  observations  on  the  relative  sugar-retaining  power  of  the 
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liver  and  muscles  during  the  continuous  injection  into  the  portal  vein 
of  large  quantities  of  dextrose. 

In  the  majority  of  our  experiments  we  have  employed  for  injection 
quantities  of  dextrose  that  were  below  the  normal  tolerance  limit  as 
defined  by  Woodyatt,  Sansimi  and  Wilder  (13).  These  authors  have 
shown  that,  in  a  nonnal  rabbit,  dog  or  man,  0.9  gram  glucose  per  kilo 
body  weight  and  per  hour  can  be  utilized  by  the  organism  for  an  indef- 
inite time  without  causing  glycosuria.  When  between  0.8  and  2 
grams  are  injected  a  part  of  the  excess  appears  in  the  urine,  steadily 
increasing  \mtil  a  maximmn  is  reached,  after  which  the  excreted  frac- 
tion remains  constant  (at  about  one  tenth).  If  more  than  about  2 
grams  per  kilogram  an  hour  are  injected,  ''a  large  percentage  of  all 
glucose  in  excess  of  the  2  grams  per  kilogram  an  hour  appears  in  the 
urine  once  constant  conditions  are  established." 

In  the  light  of  these  observations  we  should  expect  that  the  curve 
of  blood-sugar  concentration  during  continuous  injections  of  dextrose 
would  gradually  rise  to  a  certain  level,  after  which  it  would  remain 
constant  at  a  height  proportional  to  the  rate  of  injection.  With  in- 
jections below  the  tolerance  limit,  the  rate  of  injection  at  which  the 
curve  ce^fcses  to  rise  would  indicate  the  rate  at  which  the  tissues  are 
consuming  the  dextrose,  and  it  is  when  this  point  of  the  curve  is  reached 
that  the  influence  of  various  conditions  on  sugar  utilization  by  the 
tissues  could  be  most  simply  studied.  When  larger  amounts  of  dex- 
trose are  given,  the  level  would  represent  the  balance  between  sugar 
loss  by  the  urine  pZits  its  utilization  by  the  tissues,  on  the  one  hand, 
and  injection  rate,  on  the  other. 

Technique.  2  cc.  samples  of  blood  were  collected,  in  the  manner 
previously  described  (10),  from  the  pancreatico-duodenal  vein,  the 
inferior  vena  cava  opposite  the  liver,  and  in  some  experiments  also, 
from  the  common  iliac  vein,  after  ligation  of  the  vessels  of  the  opposite 
posterior  extremity.  The  samples  were  coltected  before,  during  and 
following  the  injection,  through  a  cannula  inserted  in  one  of  the  smaller 
tributary  branches  of  the  portal  vein,  of  the  solution  whose  influence 
on  blood-sugar  concentration  it  was  desired  to  study.  To  maintain 
a  constant  rate  of  injection — ^which  is  absolutely  essential  in  all  work 
designed  to  study  the  fate  of  injected  dextrose — either  the  injection 
apparatus  described  in  a  previous  paper  or  Woodyatt 's  apparatus  (13) 
was  used.  Unfortunately,  after  some  of  the  earlier  experiments  had  been 
completed,  it  was  found  that  the  air  pressure  used  in  the  former  ap- 
paratus was  insuflScient  to  ensure  a  perfectly  uniform  rate  of  injection, 
with  the  consequence  that  some  of  the  results  are  confusing  and  un- 
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certain.  Woody att's  apparatus  is,  in  our  experience,  unqualifiedly 
the  best  to  use. 

The  sugar  estimations  were  made  by  R.  G.  Pearce's  modification 
of  the  Lewis-Benedict  method  (11),  care  being  taken  that  the  tempera- 
ture conditions  in  the  autoclave  were  the  same  for  all  the  blood  samples 
in  the  given  experiment.  This  eliminates  any  error,  in  so  far  as  com- 
parative results  are  concerned,  that  might  be  incurred  by  an  unequal 
degree  of  heating  of  different  tubes. 

Small  samples  of  blood  (about  5  cc.  each)  were  also  removed  at 
intervals  for  the  determination  of  the  H-ion  concentration  by  the  dialy- 
sis colorimetric  method  of  Levy,  Rowntree  and  Marriott  (12). 

EXPERIMENTAL  RESULTS 

1.  The  hypoglycaemic  influence  of  alkali.  To  study  the  hypogly- 
caemic  influence  of  alkaU,  a  strong  solution  of  Na2C08  was  injected 
at  constant  rate  into  a  small  branch  of  the  mesenteric  vein  of  dogs  to 
which,  on  the  evening  previous  to  the  experiment,  about  6  grams  per 
kilogram  of  cane  sugar  had  been  administered  by  stomach  tube.  The 
results  of  these  experiments  are  plotted  in  the  four  curves  shown  in 
figure  1. 

Fig.  1.  The  influence  of  large  injections  of  sodium  carbonate  on  the  sugar- 
content  of  blood  from  the  pancreatico-duodenal  vein,  vena  cava,  and  iliac  vein. 
V.C,  Vena  cava,  continuous  line;  P.D.,  pancreatico-duodenal  vein,  broken  line; 
/.,  iliac,  dotted  line;  Ph,  H-ion  concentration;  B.P.,  arterial  blood-pressure. 
The  injections  were  made  between  the  points  of  the  arrows. 

Experiment  I.  Sugar  fed  dog.  Weight,  7.5  kg.  Kennel  fed  plus  50  grams  of 
cane  sugar,  given  by  stomach  tube  20  hours  before  the  collection  of  blood.  Air 
pressure  injection  apparatus  used,  set  to  inject  50  cc.  per  hour.  Solutions  in- 
jected: (1)  20  per  cent  NajCO,;  (2)  0.346  N/HCl. 

Experiment  II.  Sugar  fed  dog.  Weight,  8.8  kg.  Kennel  fed  plus  50  grams 
of  cane  sugar  given  by  stomach  tube  18  hours  before  collection  of  blood.  Used 
Woodyatt's  perfusion  apparatus.  Solutions  injected:  (1)  20  per  cent  solution 
of  NaiCOj;  (2)  0.528  N/HCl  solution.  Both  solutions  were  injected  at  the  rtite 
of  1  cc.  per  minute. 

Experiment  III.  Sugar  fed  dog.  Weight,  7.8  kg.  Kennel  fed  plus  46  grams 
of  cane  sugar,  given  by  stomach  tube,  on  each  of  two  days  p^-evious  to  that  of 
the  experiment.  Used  Woodyatt's  perfusion  injecting  apparatus.  Solutions  in- 
jected: (1)  10  per  cent  NasCOsand  0.528  N/HCl.  Both  solutions  were  injected 
at  the  rate  of  1  cc.  per  minute. 

Experiment  IV.  Sugar  fed  dog.  Weight,  21  kg.  Kennel  fed  plus  100  grams 
of  cane  sugar,  given  by  stomach  tube  20  hours  before  the  collection  of  blood. 
Used  Woodyatt's  perfusion  injection  apparatus.  Solutions  injected:  (1)  10 
per  cent  NatCOi;  (2)  0.528  N/HCl.  Both  solutions  were  injected  at  the  rate  of 
1  cc.  per  minute. 
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In  eiq)eriment  I  the  alkaline  solution  (20  per  cent  NasCOs)  was 
injected  rapidly  (considerably  more  than  1  cc.  a  minute).  In  II  the 
same  strength  of  alkali  was  more  slowly  injected  (1  cc.  a  minute). 
In  III  and  IV  a  10  per  cent  solution  of  NaiCO»  was  employed,  the 
blood  pressure  being  well  maintained  in  IV,  but  falling  fairly  rapidly 
in  III. 

In  Experiments  I,  II,  III,  the  H-ion  concentration  of  the  blood,  indi- 
cated by  the  figures  'standing  opposite  Ph,  was  very  considerably 
lowered  by  the  injections,  and  this  was  no  doubt  also  the  case  in  IV, 
although  Ph  was  not  determined  in  this  experiment.  In  the  first  two 
experiments  the  alkali  had  a  marked  depressing  influence  on  the  animal 
(as  indicated  by  the  behavior  of  the  arterial  blood  pressure),  death 
occurring  in  one  of  them  after  about  forty  minutes.  This  depression 
was  less  marked  in  animals  3  and  4.  The  addition  to  the  blood  of  such 
large  quantities  of  alkaU  as  were  employed  in  these  experiments  is 
obviously  far  in  excess  of  what  could  be  tolerated  therapeutically. 
Such  quantities  were  used  in  order  to  ascertain  to  what  extent  a  marked 
increase  in  the  alkalinity  of  the  blood  and  tissues  could  reduce  the 
sugar-concentration  of  the  blood. 

A  steady  decrease  in  blood  sugar  is  evident  in  all  the  experiments. 
This  decrease  might  be  due  to  a  depression  of  the  sugar-output  by  the 
liver,  to  increased  sugar-retention  or  destruction  by  the  muscles,  to 
leakage  of  the  sugar  into  the  secretions,  or  to  destruction  of  the  sugar 
in  the  blood  itself .  Hoarding  the  first  possibiUty,  there  is  some  evi- 
dence of  decrease  in  the  sugar-output  by  the  liver  in  Experiment  II, 
but  since  no  such  evidence  is  forthcoming  in  the  three  other  experi- 
ments of  this  group,  increased  retention  of  sugar  by  the  Uver  cannot  be 
considered  as  an  important  factor  in  explaining  the  decrease.  Nor 
does  increased  retention  of  dextrose  by  the  muscles  appear  to  have 
occurred;  indeed,  on  the  contrary,  in  most  of  the  experiments  the  blood 
sugar  of  the  iliac  vein  after  the  injections  had  been  continued  for  some 
time  was  somewhat  higher  than  in  that  of  the  vena  cava  or  portal 
vein.  We  are  unable  to  offer  any  explanation  of  this  unexpected  result 
(loss  of  water?)  The  third  possibility,  namely,  an  escape  of  dextrose 
into  the  secretions,  is  supported  by  the  lower  percentage  in  the  portal- 
blood  than  in  either  of  the  other  bloods.  This  secretion  may  have 
occurred  by  way  of  th?  urine  or  intestine.  The  decreased  glycosuria 
produced  by  alkaU  administration  that  has  been  observed  by  Murlin 
and  Underbill  would  seem  to  support  the  idea  that  escape  had  occurred 
by  the  intestinal  pathway. 
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IB.  Comparative  srigar-retaining  ability  of  liver  and  muscles  during  the 
injection  of  m^oderate  amounts  of  dextrose  into  the  portal  vein.  In  two 
experiments  (fig.  2)  the  sugar-content  of  blood  removed  from  the 
portal  vein,  vena  cava  and  iliac  vein  was  determined  at  frequent  inter- 
vals during  the  continuous  injection  of  moderate  amounts  of  sugar  into 
the  portal  vein.  In  one  (No.  VIII)  just  enough  sugar  (viz.,  0.14  grams 
per  kilogram  an  hoiu*)  was  injected  in  acid  solution  to  cause  a  slight 
hyperglycaemia;  whereas  in  the  other  (No.  VII),  the  sugar  was  given 
in  larger  amoimts  (0.7  gram  per  kilogram  an  hour),  and  at  intervals 
10  cc.  of  a  15  per  cent  solution  of  sodium  carbonate  were  injected  through 
the  pancreatico-duodenal  vein.  The  results  of  the  former  experiment 
would  seem  to  indicate  that  a  sUght  d^ree  of  acidosis  does  not  disturb 
the  relationship  of  the  sugar  content  of  the  blood  from  the  three  veins. 
In  the  latter  experiment,  the  considerably  larger,  though  not  excessive, 
sugar  injections  caused  the  portal  blood-sugar  to  rise  above  that  of  the 
vena  cava,  the  muscle  blood-sugar  being  distinctly  lower.  In  this 
experiment  it  will  also  be  observed  that  the  H-ion  concentration  of  the 
blood  became  raised  in  spite  of  the  injection  of  considerable  quantities 
of  alkali.  In  both  experiments  the  rise  in  blood-sugar  was  very  dis- 
tinct inunediately  following  the  injection  (horizontal  arrows),  a  practic- 
ally constant  level  being  attained  after  about  thirty-five  minutes  when 
0.7  gram  dextrose  per  kilogram  an  hoiu*  was  injected,  and  in  about 
twenty  minutes  with  0.14  gram. 

S,  Comparative  sugar^retaining  ability  of  liver  and  mu^des  during 
the  injection  of  large  amounts  of  dextrose  into,  the  portal  vein.  The  rapid- 
ity with  which  the  excess  of  dextrose  disappears  from  the  blood  when 
lai^  amounts  are  suddenly  injected  intravenously  has  in  general  been 
found  by  previous  workers  to  depend  much  more  on  retention  of  the 
dextrose  by  the  muscles  and  other  tissues  than  by  the  liver  (Bang, 
Kleiner,  etc.).  Although  there  can  be  no  doubt  that  the  sudden 
flooding  of  the  organism  with  dextrose  in  siich  experiments  is  to  be 
considered  as  a  highly  abnormal  condition,  and  one  which  cannot 
conceivably  occur  even  during  the  severest  forms  of  experimental 
hypei^ycaemia,  yet  the  results  of  the  experiments  have  been  thought 
to  be  of  some  value  as  indicating  the  manner  by  which  any  excess  of 
dextrose  in  the  blood  might  be  dealt  with.  By  comparison  of  the  per- 
centage of  sugar  in  blood  taken  from  the  portal  vein,  the  vena  cava, 
and  the  iUac  vein,  we  have  studied  the  sugar-retaining  powers  of  the 
liver  and  muscles  during  the  continuous  injection  (by  means  of  Wood- 
yatt's  apparatus)  of  from  2.4  to  3.5  grams  dextrose  per  kilo  body  weight 
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per  hour.  Acid  or  alkali  was  also  injected  at  intervals  through  the 
pancreatico-duodenal  vein.  The  results  of  the  three  experiments  are 
depicted  in  the  curves  of  figures  3, 4  and  5. 

In  Experiment  XIII,  figure  3,  3.5  grams  dextrose  per  kilogram  an 
hour  was  injected,  causing  a  steady  rise  in  blood-sugar  in  all  three 
veins,  most  marked  in  the  portal  vein,  next  in  the  vena  cava,  and  least 
in  the  iliac.  As  judged  from  the  curves,  the  sugar-retaining  power  of 
liver  and  muscles  is  about  equal.  It  will  further  be  noted  that,  at 
intervals  of  about  thirty  minutes  throughout  the  experiment,  10  cc. 
of  10  per  cent  sodiimi  carbonate  solution  was  injected  through  the 
pancreatico-duodenal  vein,  but  that  the  H-ion  concentration  of  the 
blood  collected  some  minutes  after  several  of  these  injections  had  been 
made  did  not  show  any  increase  in  alkalinity;  on  the  contrary,  there 
was  towards  the  end  of  the  experiment  a  very  distinct  decrease  in  this 
regard,  i.e.,  P^  became  lower.  Since  in  our  other  experiments  ap- 
proximately similar  quantities  of  alkaU  have  caused  an  increase  in  blood 
alkalinity,  we  have  in  the  results  of  this  experiment  some  evidence  that, 
when  large  quantities  of  dextrose  are  injected  into  the  blood,  acid 
breakdown  products  result — ^presmnably  lactic  acid.  In  work  which 
we  hope  to  publish  immediately  we  have,  as  a  matter  of  fact,  evidence 
of  a  striking  increase  in  the  lactic  acid  content  of  the  blood  when^uch 
smaller  quantities  of  dextrose  in  alkaline  solution  are  injected. 

In  Experiment  XIV,  figure  4,  injections  of  3  grams  dextrose  per 
kilogram  an  hour,  accompanied  by  injection  by  way  of  the  pancreatico- 
duodenal vein  of  10  cc.  quantities  of  hydrochloric  acid,  gave  results 
which  differed  from  those  of  Experiment  XIII  in  that  the  muscles 
showed  no  evidence  of  retaining  any  dextrose;  on  the  contrary,  during 
a  great  part  of  the  experiment  there  was  more  dextrose  in  the  blood 
coming  from  them  than  in  that  of  the  vena  cava.  Although  estimation 
of  the  H-ion  concentration  of  the  blood  could  not  be  carried  out  in  this 
experiment,  there  is  no  doubt,  for  the  reasons  given  above,  that  it 
must  have  been  raised.  The  effect  of  this  on  muscular  tissue  may  have 
merely  been  to  raise  its  power  of  absorbing  water,  thus  causing  an 
increase  in  the  sugar  concentration  of  the  outflowing  blood.  We  were 
well  aware  of  this  possibiUty  when  the  experiment  was  performed,  and 
attempted  to  control  it  by  enumeration  of  erythrocytes,  but  unfortu- 
nately in  the  rush  of  work  entailed  in  such  experiments,  failed  to  carry 
through  the  process  satisfactorily. 

In  Experiment  XV,  figure  5,  2.4  grams  dextrose  per  kilogram  an 
hour  was  injected  without  any  acid  until  after  a  little  over  an  hoiu*, 


Digitized  by 


Google 


Digitized  I 


^Google 


DEXTROSE  RETENTION  205 

when  hydrochloric  acid  in  10  cc.  quantities  was  injected  at  about  hourly 
intervals  through  the  pancreatico-duodenal  vein.  It  will  be  observed 
that  the  H-ion  concentration  of  the  blood  did  not  rise  except  in  that 
of  the  iliac  vein.  This  is  the  only  experiment  in  which  large  sugar- 
injections  without  excess  of  alkaU  did  not  cause  a  distinct  decrease  in  Ph. 
Hoarding  the  behavior  of  the  sugar,  it  will  be  observed  that  the  Uver 
and  muscles  apparently  retained  about  equal  amoimts.  Towards  the 
end  of  this  experiment  a  sudden  fall  occiu-red  in  the  blood-sugar  of 
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Pig.  4.  ExperimerU  XIV,  Weight,  13.3  kg.  Used  Woodyatt's  perfusion 
apparatus  set  at  2.5.  Constant  injection  of  an  18  per  cent  dextrose  solution, 
injecting  3.8  cc.  per  minute  for  1  hour,  30  minutes,  or  3.08  grams  per  kilo  per 
hour.  At  intervals  specified  above  by  the  vertical  arrows,  10  cc.  of  -ft  HCl  -and 
tV  HCl  was  injected  into  the  pancreatico-duodenal  vein.  V.'C,  Vena  cava, 
continuous  line;  P./).,  pancreatico-duodenal  vein,  broken  line;  /,  iliac,  dotted 
line. 

all  three  vessels  (not  shown  in  the  curve) ,  although  the  sugar  injections 
were  being  maintained.  This  fall  occurred  about  the  same  time  as  a 
fairly  rapid  fall  in  arterial  pressure  and  immediately  following  an  in- 
jection of  very  strong  acid.  It  would  seem  to  indicate  a  sudden  leak- 
age of  dextrose,  perhaps  because  of  the  onset  of  marked  oedema.  In 
these  three  experiments  it  will  be  observed  that  a  constant  level  of 
blood-sugar  was  never  attained. 

4.  The  srigar^etaining  ability  of  the  liver  during  the  injection  into  the 
portal  vein  of  small  quantities  of  dextrose  in  strongly  alkaline  as  compared 
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with  neutral  or  faintly  acid  reaction.  In  the  earlier  experiments  of  this 
group  (see  fig.  6),  the  procedure  consisted  in  collecting  samples  of 
blood  from  the  vena  cava  and  portal  vein  before  and  during  the  in- 
jection of  a  4  per  cent  solution  of  dextrose  into  a  mesenteric  vein.  The 
periods  of  injection  were  comparatively  short,  and  the  injections  were 
made  at  a  rate  varying  in  the  different  experiments  between  0.55  and 
3.0  grams  per  kilogram  an  hour.  The  dextrose  solution  either  contained 
from  10  to  20  per  cent  Na^COs,  or  was  neutral  or  faintly  acid  in  reaction. 
Taking  the  results  in  general,  it  appeared  as  if  the  alkaline  reaction 
caused  a  very  striking  sugar-retention  as  compared  with  that  occurring 
with  neutral  or  faintly  acid  dextrose  solutions.  Besides  the  table  of 
resiJts  which  we  have  already  published  elsewhere  (14),  the  accompany- 
ing curves  will  show  our  reasons  for  coming  to  this  preliminary  conclu- 
sion. On  closer  examination  of  the  curves,  however,  it  will  be  observed 
that  the  above  mentioned  difference  depends  not  so  much  on  a  falling 
away  in  the  percentage  of  sugar  in  the  cava  blood  as  on  the  fact  that 
the  increase  in  the  sugar-concentration  of  the  portal  blood  produced 
by  the  injection  of  sugar  solution  is  much  more  likely  to  occur  suddenly 
when  the  latter  is  alkaline  in  reaction  than  when  it  is  neutral  or  acid. 
When  a  similar  rise  in  the  portal  blood  does  occur  with  neutral  or  acid 
sugar  solutions,  the  liver  retains  just  as  much  dextrose  as  it  does  in 
the  presence  of  alkaU.  Another  objection  to  the  earlier  experiments 
rests  on  the  fact  that  the  periods  of  injection  were  too  brief,  the  one 
being  also  too  quickly  followed,  sometimes  without  any  no-injection 
interval,  by  the  other. 

As  to  the  cause  of  the  sudden  increase  in  the  portal  blood  sugar 
during  alkaU-dextrose  injections,  we  are  inclined  to  the  beUef  that  it 
was  due  to  inequalities  in  injection  rate,  for  although  the  same  "con- 
stant-pressure" injection  apparatus  was  employed  as  in  previous  work 
with  4  per  cent  dextrose  solutions  by  one  of  us  and  R.  G.  Pearce,  yet 
in  the  present  experiments  a  lower  pressure  was  employed,  and  this, 
along  with  the  viscosity  of  the  carbonate  solutions,  and  perhaps  on 
accoimt  of  an  action  of  the  latter  on  the  blood  or  blood  vessels,  pro- 
duced a  temporary  block,  which  afterward  suddenly  gave  way. 

In  any  case  we  are  certain  that  the  marked  increase  observed  in 
portal  blood  sugar  in  these  experiments  is  due  to  some  irregularity  of 
injection  rather  than  to  any  chemical  action  which  the  alkali  might 
conceivably  have  in  increasing  the  reducing  power  of  the  blood.  Al- 
though at  room  temperature  and  for  the  brief  period  of  time  during 
which  the  alkaU  and  dextrose  solution  stood  prior  to  injection,  we  could 
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Fig.  6.  The  influence  of  alkali  and  acid  on  the  blood-sugar  in  portal  vein 
and  vena  cava  during  the  injection  of  dextrose  into  the  former.  Broken  line, 
blood  of  portal  vein.    Continuous  line,  blood  of  vena  cava. 

In  I,  20  per  cent  NajCOi  was  injected  at  rate  of  2.5  cc.  per  minute  into  portal. 

In  II,  6  per  cent  NajCOa  was  injected  at  rate  of  7.6  cc.  per  minute  and  0.5  per 
cent  HCl  at  rate  of  15.5  per  minute  into  portal  vein. 

In  III,  20  per  cent  NajCOi  was  injected,  8  cc.  per  minute.  Weak  (?)  HCl  at 
same  rate. 

In  IV,  10  per  cent  NaaCOj  was  injected,  2.6  per  minute. 
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detect  no  change  in  its  reducing  power  as  measured  by  the  Lewis- 
Benedict  method,  yet,  since  the  changes  described  by  Lobry  de  Brun, 
von  Ekenstein  and  Nef  must  have  set  in,  the  possibility  was  considered 
as  to  whether  the  resulting  mixture  of  hexoses,  etc.,  might  not,  when 
mixed  with  blood,  cause  the  production  of  strongly  reducing  substances. 
To  test  this  possibility  we  added  quantities  of  alkaline  dextrose  solu- 
tions similar  to  those  used  in  the  above  injections  to  freshly  drawn 
linclotted  blood,  and  determined  the  reducing  power  after  keeping  the 
mixtures  at  body  temperature  for  periods  varying  from  a  few  seconds 
to  over  an  hour.  Since  it  is  known  that  the  products  of  the  sugar- 
breakdown  by  alkaU  vary  considerably  according  to  whether  or  not 
oxygen  is  present,  the  above  mentioned  experiments  were  performed 
¥rith  both  venous  and  arterial  blood,  the  incubation  in  the  former 
case  being  conducted  in  vacuo  and  in  the  latter,  in  the  presence  of  air. 
It  was  foimd  that,  apart  from  slight  differences  in  glycolysis,  there  was. 
no  difference  in  the  sugar  content  of  the  various  samples  according  to 
whether  an  alkaline  or  a  neutral  (or  faintly  acid)  dexU*ose-solution  was 
added  to  them. 

We  have  repeated  the  injection  experiments  of  this  group,  u&ing.the 
perfusion  apparatus  of  Woodyatt,  so  that  there  could  be  no  doubt  as 
to  constancy  of  injection,  and  with  the  modification  that  between  the 
sugar-injection  periods  a  sufficient  interval  was  allowed  to  elapse  dur- 
ing which  the  blood  sugar  could  return  to  its  normal  level.  The  results 
are  depicted  in  the  curves  of  figure  7. 

Taking  as  our  criterion  of  the  sugar-retaining  power  of  the  Uver  the 
difference  between  the  portal  and  cava  ciures,  it  will  be  seen  that  with 
dextrose  alone  the  percentage  of  blood-sugar  in  both  veins  is  either  the 
same  (No.  VI),  or  when  the  injection  is  somewhat  greater,  the  portal 
vein  sugar  rises  above  that  of  the  vena  cava  (No.  VII).  When  acid 
sufficient  to  raise  the  H-ion  concentration  of  the  blood  was  given  along 
with  the  dextrose,  it  was  possible  out  of  four  experiments  to  demon- 
strate a  greater  percentage  of  sugar  in  the  blood  of  the  vena  cava  in 
only  one  case  (No.  IV).  In  the  three  other  experiments  of  this  type 
(Nos.  II,  III,  V),  the  concentrations  of  sugar  in  the  blood  of  these 
two  veins  were  practically  the  same.  Unfortunately  in  only  one  of  these 
experiments  (No.  IV)  was  Ph  determined  at  sufficiently  frequent  inter- 
vals to  show  that  enough  acid  was  being  injected  to  cause  a  perceptible 
increase  in  the  H-ion  concentration  of  the  blood.  Since  however  the 
animals  were  all  of  approximately  the  same  size,  and  the  same  amounts 
of  acid  were  injected  in  all  four  experiments,  it  may  be  inferred  that 
the  blood  in  all  cases  showed  a  distinct  degree  of  acidosis. 
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Experiments  IV  and  V  are  strictly  comparable  in  practically  every 
detail  and  yet  in  the  only  one  of  them  is  there  evidence  that  the  acid 
injection  stimulated  the  glycogenol3rtic  process  of  the  liver  sufficiently 
to  make  the  concentration  of  sugar  in  the  cava  blood  greater  than  that 
in  the  portal  in  spite  of  sugar  injections  into  the  latter.  When  acid  is 
injected  without  sugar,  the  results  are  similarly  irregular  (i.e.,  some- 
times only  does  the  cava  blood-sugar  overstep  that  of  the  portal). 
The  conclusion  which  we  draw  from  these  results  is  that  it  is  impossible 
to  demonstrate  with  certainty  in  anaesthetised  animals  that  increased 
acidity  of  the  blood  supplying  the  liver  excites  this  organ  to  more 
active  glycogenolysis. 

Turning  now  to  the  influence  of  alkali  which  was  investigated  in 
five  of  the  experiments,  it  will  be  noted  in  the  first  place  that  the 
sudden  increases  found  to  occur  in  the  portal  blood-sugar  in  the  earlier 
experiments  (fig.  7)  were  not  observ^,  thus  indicating,  as  already 
remarked,  that  these  must  have  been  due  to  some  irregularity  in  the 
injection.  In  three  of  the  experiments  (viz.,  II,  III,  and  IV)  when 
injected  along  with  alkali,  the  dextrose  caused  a  distinctly  lower  degree 
of  h3rperglycaemia  to  become  developed  than  when  injected  in  acid  or 
neutral  reaction.    In  a  fourth  experiment  (viz..  No.  5),  this  depressing 

Fig.  7.  The  influence  of  acid  and  alkali,  as  compared  with  Ringer's  solution, 
on  the  blood-flugar  in  portal  vein  and  vena  cava  during  the  injection  of  dextrose 
into  the  former.    Lettering  the  same  as  in  figure  1. 

EzperimerU  II.  Weight  14.1  kg.  Kennel  fed.  Used  Woodyatt's  perfusion 
apparatus.  Injection  of  (1)  Ringer's,  (2)  6  per  cent  dextrose  solution  contain- 
ing 3  grams  of  concentrated  HCl  per  100  cc,  and  (3)  6  per  cent  dextrose  solution 
containing  15  grams  of  NaiCOs  per  100  cC 

Experiment  III.  Weight,  10.5  kg.  Kennel  fed.  Used  Woodyatt's  perfusion 
apparatus.  Injection  of  (1)  Ringer's,  (2)  4  per  cent  dextrose  solution  con- 
taining 2  grams  concentrated  HCl  per  100  cc,  and  (3)  4  per  cent  dextrose  solution 
containing  15  grams  of  Na]CX)s  per  100  cc. 

Experiment  IV.  Weight,  16.1  kg.  Kennel  fed.  Used  Woodyatt's  perfusion 
apparatus.  Injection  of  (1)  Ringer's,  (2)  4  per  cent  dextrose  solution  plus  2 
grams  concentrated  HCl  per  100  cc.  and  (3)  6  per  cent  dextrose  8K)lution  plus 
15  grams  of  NasCOs  per  100  cc. 

Experiment  V.  Weight,  14.7  kg.  Kennel  fed.  Used  Woodyatt's  perfusion 
apparatus.  Injection  of  (1)  Ringer's,  (2)  4  per  cent  dextrose  solution  plus  2 
grams  concentrated  HCl  per  100  cc,  and  (3)  4  per  cent  dextrose  solution  con- 
*taining  10  grams  NasCOs  per  100  cc. 

Experiment  VI.  Weight,  17.2  kg.  Kennel  fed.  Used  Woodyatt's  perfusion 
apparatus.    Injection  of  Ringer's  and  4  per  cent  dextrose  solution. 

Experiment  VII.  Weight,  13.5  kg.  Kennel  fed.  Used  Woodyatt's  perfusion 
apparatus.  Injection  of  (1)  Ringer's  solution,  (2)  6  per  cent  dextrose  solution, 
and  (3)  6  per  cent  dextrose  solution  containing  10  grams  of  NatCOt  per  100  cc. 
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infltiene^crf' alkali  was  e(omewhat  later  in  showing  itself,  and  in  the 
fifth,  (Nd;  VII),  in  which  however  the  amotint  of  dextrose  injected 
ciihe  very  close  to  the  0.8  limit  set'b^  Woody«ttyiietc.,  it  was  absent. 

Ther3  can  be  no  doiibt  from  these  results  that  alknli  causes  injected 
sugar  to  disappear  more  rapidly  from  the  blood  than  otherwise  would 
be  the  case,  but  there  is  only  one  experimait  of  this  group  (No.  Ill) 
in  which  this  disappearance  might  be  attributed  to  a  stimulation  of  the 
glycogen-retaining  abiUty  of  the  liver.  "■ 

COXCLUSIONJ3 

1.  When  dextrose  is  injected  by  way  of  the  portal  vein  into  anaesthe- 
tised dogs  in  amouiits  which  are  below  the  tolerance  limit  (about 
0.8  grams  per  kilogram  an  hour),  there  occurs  a  rapid  increase  in  the 
percentage  of  blood-€fugar.  This  rise  continues  until  a  certain  level  is 
attained,  after  which  the  blood-sugar  remains  practically  constant. 
The  time  at  which  the  constant  level  is  attained  varies  with  the  rate 
of  injection;  thus,  with  from  0.14  to  0.4  grams  per  kilogram  an  hour 
it  was  attained  in  twenty  to  twenty-five  minutes  (figs.  2  and  7), 
whereas  with  0.7  gram  it  required  about  thirty-five  minutes  (fig.  2). 
When  the  injections  are  considerably  abov6  the  tolerance  limit,  the 
increase  in  blood-sugar  goes  on  steadily  for  a  very  long  period  of  time 
(two  or  three  hours).  Unfortimately  we  can  ofifer  no  data  regarding 
the  behavior  of  the  cmve  for  de^ctrose  injections  that  are  just  above 
the  tolerance  limit,  i.e.,  between  0.8  gram  and  2  grams  per  kilogram 
an  hour. 

2.  When  the  behavior  of  the  sugar  concentration  is  compared  in 
blood  drawn  from  the  portal  vein,  vena  cava  and  iliac  veins  during 
moderate  dextrose  injections,  it  has  usually  been  found  that  there  is 
very  Uttle  difference.  The  sugar-retaining  powers  of  the  liver  and 
muscles  are  therefore  not  sufficiently  developed  to  cause  any  per- 
ceptible change  in  sugar-percentage  in  the  inflowing  and  outflowing 
blood  of  these  tissues  when  physiological  quantities  of  dextrose  are 
being  absorbed.  Although  such  retention  is  no  doubt  going  on,  it  is 
too  slow  in  relation  to  the  large  volume  of  blood  circulating  through 
the  tissues  to  make  any  impression  on  the  sugar-percentage.  When 
large  injections  of  dextrose  are  given,  a  distinct  difference  in  sugar- 
concentration  usually  becomes  evident,  the  higher  percentage  being' 
in  the  blood  of  the  portal  vein,  the  next  in  that  of  the  vena  cava,  and 
the  lowest  in  that  of  the  iliac  vein,  and  the  difference  between  the  con- 
centrations of  blood-sugar  in  portal  vein  and  vena  cava  is  usually 
about  the  same  as  that  in  vena  cava  and  iliac  vein.    This  suggests 
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that  the  sugar-retaining  power  of  the  liver  is  approximately  equal  to 
thai  of  the  muscles  of  the  hind  limb.  '^  * 

3.  During  the  injection  of  large  amounts  of  dextrose  the  H-ion 
concentration  of  the  blood,  as  determined  by  the  colorimetric  method, 
very  »06mmonly  becomes  increased.  When  alkali  (NatGOi)  is  injected 
intravenously  in  sufficient  amount  to  lower  the  H-ioin  concentration 
of  the  blood,  in  animals  in  whom  the  blood-sugar  percentage  is  initially 
high  (etherization  and  operative  manipulation  in  sugar-fed  dogs), 
there  is  a  very  distinct  decrease  in  blood-sugar,  but  by  comparison  of  the 
curves  which  represent  this  in  the  portal  vein,  vena  cava  and  iliac 
vein,  it  cannot  be  shown  whether  the  Uver  or  the  muscles  are  primarily 
responsible  for  the  increased  retention.  The  three  curves  decline  at 
an  equal  rate. 

4.  The  injection  of  sodium  carbonate  solution  or  of  hydrochloric 
acid  at  intervals  into  the  portal  vein  during  the  continuous  injection 
into  another  branch  of  the  same  vein  of  a  dextrose  solution  does  not 
disturb  the  relationship  in  sugar-concentration  normally  existing  in 
blood  taken  from  portal  vein,  vena  cava  and  iliac  vein,  nor  do  such 
injections  cause  any  alteration  in  the  level  of  the  curves,  whether  these 
be  rising  or  stationary.  When  dextrose  is  injected  at  a  rate  below  the 
tolerance  limit,  along  with  sufficient  alkah  to  cause  a  distinct  increase 
in  Ph  of  the  blood  of  the  portal  vein  and  vena  cava,  the  blood-sugar 
does  not  rise  to  such  a  degree  as  it  does  when  the  dextrose  solution  is 
neutral  or  acid  in  reaction. 
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Two  effects  are  commonly  observed  upon  stimulating  the  central 
end  of  a  cut  sensory  nerve;  (1)  reflex  pressor  or  vasoconstriction,  (2) 
reflex  depressor  or  vasodilation.  Hitherto,  considerable  attention 
has  been  paid  by  investigators  to  the  effect  that  different  strengths 
of  stimuli  have  upon  the  vasomotor  center  but  few  noted  the  effect 
that  different  rates  of  stimuli  have  upon  this  same  mechanism. 

Since  it  is  possible  to  produce  two  effects,  opposite  in  character 
upon  stimulating  the  same  sensory  nerve,  experimenters  proceeded  to 
find  methods  by  which  they  could  isolate  the  one  or  the  other  response. 
Latschenberger  and  Deahna  (1)  in  1816  were  the  first  to  obtain  a  fall 
in  arterial  pressure  upon  stimulating  the  central  end  of  a  cut  sensory 
nerve  other  than  the  depressor  from  the  aorta  and  heart.  From  their 
results,  they  attributed  this  fall  in  blood  pressure  to  the  use  of  weak 
stimuli  and  to  certain  changes  in  the  vasomotor  center  itself.  A 
fall  in  blood  pressure  was  also  recorded  by  Knoll  (2)  in  1885  upon 
stimulating  sensory  nerves.  The  results  of  his  experiments  led  him 
to  beheve  that  a  depressor  response  was  usually  the  result  of  a  weak 
stimulus  whereas  the  pressor  response  followed,  as  a  rule,  a  stronger 
stimulus.  Upon  stimulating  muscles  mechanically,  by  massage, 
Kleen  (3)  remarked  a  fall  in  general  blood  pressure. 

Howell,  Budgett  and  Leonard  (4)  were  able  to  obtain  reflex  vasodila- 
tor and  reflex  vasoconstrictor  responses  from  the  same  nerve  trunk 
by  cooling  the  nerve  to  O^C.  central  to  the  point  of  stimulation.  A  faU 
in  pressure  was  always  the  result  of  this  procedure.  This  method, 
along  with  others,  was  also  employed  by  Hunt  (5).  He  obtained, 
upon  stimulation,  depressor  responses  from  all  sensory  nerves  tested, 

'  Reported  at  the  1915  meeting  of  the  American  Ph3r8iological  Society.  This 
Journal,  1916,  xl,  136. 

214 


Digitized  by 


Google 


RESPONSE  OF  VASOMOTOR  MECHANISM  215 

except  the  saphenous,  m  the  cat;  (a)  when  the  nerves  were  cooled  to 
l^C;  (b)  when  the  nerves  were  cut  and  recently  regenerated;  (c)  when 
mechanical  stimuli  were  applied  to  muscles;  (d)  when  the  electrical 
stimuli  were  weak;  and  (e)  when  the  nerves  were  subjected  to  repeated 
stimulation  over  a  long  period.  His  experiments  were  recently  repeated 
by  Vincent  and  Cameron  (6)  who  obtained  similar  results.  They 
attribute  a  part  of  the  fall  in  blood  pressure  to  the  respiratory  move- 
ments. A  simple  inductorium  was  used  in  these  experiments  and  the 
strength  of  the  stimulus  was  increased  or  decreased  by  increasing  or 
decreasing  the  number  of  cells  in  the  primary  circuit. 

A  fall  in  blood  pressure  was  noted  by  Martin  and  Lacey  (7)  in  all  the 
experiments  performed,  except  one.  The  success  in  obtaining  de- 
pressor responses,  they  attributed  to  the  use  of  weak  or  threshold 
currents. 

SthnuU  appUed  peripherally  to  severed  nerves  arouse  the  one  or  the 
other  vasomotor  response  according  to  the  rate  of  interruption  of  the 
stimulating  current.  Ostraumoff  (8)  observed  that  when  the  rate  of 
stimulation  was  slow  there  resulted  a  rise  in  the  temperature  of  the 
limb  (vasodilation)  but  when  rapid  there  was  observed  a  fall  in  tem^ 
perature  (vasoconstriction).  Similar  results  were  observed  by  Kendall 
and  Lucksinger  (9).  Bowditch  and  Warren  (10)  plethysmographed 
the  limb  and  observed  that  a  slow  rate  1  to  4  stimuU  per  second  was 
favorable  to  vasodilation  and  30  to  64  stimuU  per  second  favorable 
in  producing  vasoconstriction.  Bradford  (11)  remarked  similar  results 
upon  the  vasomotor  nerves  to  the  kidney. 

Since  different  rates  of  peripheral  stimuli  are  favorable  for  isolating 
the  different  vasomotor  responses,  is  it  not  possible  that  such  changes 
could  be  effected  reflexly?  Few  investigators  applied  different  rates 
of  StimuU  centrally  to  sensory  nerves  when  testing  vasomotor  reflexes. 
Hunt  (5)  is,  as  far  as  I  know,  the  only  investigator  employing  different 
rates  who  states  the  resultant  responses.  He  employed  rates  varying 
from  1  per  two  seconds  to  60  per  second.  In  his  research,  the  rate  of 
stimulation  did  not  alter  the  character  of  the  vasomotor  response. 
Martin  and  Lacey  (7)  tried  rates  of  stimuU  varying  from  2  to  8  per 
second  with  one  form  of  apparatus  and  from  4  to  60  per  second  with 
another.  They,  however,  do  not  state  which  of  these  rates  was  com- 
monly employed,  nor  do  they  state  the  effects  observed  upon  changing 
the  rate. 

This  research  was  undertaken  to  determine  (a)  whether  or  not  the 
rate  of  stimulation  has  an  effect  upon  the  reflex  vasomotor  mechanism; 
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(b)  vhether  or  not  the  marked  uniformity  in  the  depressor  effects 
obeerved  by  Martin  and  Lacey  (7)  may  be  due  not  only  to  the  fact 
that  ^hey  employed  weak  or  threshold  currents  but  also  that  they 
employed  slower  rates  than  did  previous  investigators. 

THE   METHOD 

Gats,  narcotized  with  urethane  (2  grams  per  kilo,  by  stomach),  were 
used  in  these  experiments.  A  few  experiments  were  also  performed 
upon  cats  under  ether  anaesthesia.  The  skin  was  incised  on  the  me- 
dian line  of  the  neck,  and  the  animal  tracheotomized.  The  blood  pressure 
was  registered  usually  from  the  right  carotid  but  in  a  few  cases  from 
the  femoral  artery  by  means  of  a  mercury  manometer.  A  signal  mag- 
net, which  marked  intervals  of  five  seconds,  was  placed  at  the  atmos- 
pheric pressure  line  of  the  manometer.  It  also  indicated  in  most 
ca^  the  time  of  stimulation. 

For  sensory  stimulation  the  saphenous,  peroneal,  ulnar,  radial, 
median  and  popUteal  nerves  were  used.  By  making  a  small  sUt 
through  the  skin,  at  the  position  of  the  nerve,  the  nerve  was  isolated, 
cut,  and  the  central  end  fastened  in  a  Sherrington  (12)  shielded  elec- 
trode. The  electrode  was  then  held  in  place  by  fastening  around  it, 
with  paper  clips,  the  two  flaps  of  skin.  The  nerves  were  always  used 
f6r  stimulation  in  the  order  named  above. 

THE  STIMULATING  CURRENT 

i.  The  strength.  The  strength  of  the  stimulating  current  was 
UsiiaUy  0.1  ampere  in  the  primary  circuit,  and  the  strength  of  the 
secondary  current  was  determined  in  Z  units  according  to  the  Martin 
(19)  method.  In  a  few  cases  1.0  ampere  in  the  primary  circuit  was 
U/sed.  Since  the  electrodes  were  not  altered  after  once  in  place  and 
comparative  results  were  desired  this  method  was  thought  to  be  suflB- 
caently  accurate.    Tissue  resistance  and  /3  units  were,  therefore,  ignored. 

'g.  The  rate.  A  glass  knife  blade  key  (13)  moved  back  and  forth 
by  ^a  motor,  made  and  broke  the  primary  circuit  uniformly  one  to 
twenfty  times  per  second.  A  slower  rate  1  per  two  seconds  was  ob- 
tained  by  interrupting  the  current  by  hand  with  the  same  key.  No 
attempt  was  made  to  short  circuit  the  make  shock.  This  alternating 
effect  was  thought  to  overcome  >any  polarization  which  mi^t 'take 
{dayeie  in  the  nefve  trunk  at  the  point  of  stimulation;  ^ 
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RESULTS 

For  convenience,  the  results  ar^  collected  under  three  general  heads 
accordmg  to  the  strength  of  the  stimulus  used.  In  table  1  the  strength 
of  stimulus  is  weak,  it  is  about  the  same  as  that  employed  by  Martin 
and  Lacey  (7) :  5.8  to  17  Z  imits.  Moderate  strengths  were  employed 
ip  table  2.  These  varied  from  32  to  224  Z  imits.  In  table  3  one  strength 
of  current,  494  Z  imits,  was  used. 

TABLE  1 

Blood  pressure  changes  induced  by  altering  the  rate  of  stimulation  on  sensory  nerves 
in  16  cats  under  urethane  anaesthesia.    Strength  of  stimulus  5,8  to  17  Z  units 


NUll- 
PKHOr 
BBAD- 

IN08 

ATSB* 

AGS  Z 
UNITS 

RATS  or  XlfTBEBUPTION  Of  CUmRBNr 
PXB  SECOND 

IffCBTS 

4 

8 

20 

- 

- 

-+ 

-f- 

- 

-+ 

-f- 

+ 

0 

Saphenous 

15 

18 

7 

2 

3 

8.4 
12.2 
13.1 

9.7 
13.5 

15 

18 

7 

2 

3 

11 
17 

7 

3 

3 

1 

2 

1 

3 
3 
4 

1 

5 
8 
2 

2 

1 

7 
5 

1 
2 

Peroneal 

•  1 

Ulnar 

Radial 

Median ... 

45 

11.2 

45 

38 

6 

1 

11 

17 

1 

15 

1 

Per  cent 

100 

84 

13 

3 

25 

38 

2 

33 

2 

In  this  and  following  tables  —  fall  in  blood  pressure;  +  rise  in  blood  pressure; 
— -f  fall  followed  by  a  rise;  +—  rise  followed  by  a  fall;  0  no  change. 

In  table  1, 45  serial  readings  were  made  upon  16  animals.  In  this 
series  of  experiments  at  4  interruptions  per  second  100  per  cent  of 
the  experiments  gave  a  pure  fall  in  arterial  pressure.  Thi3  per  cent 
was  decreased  to  25  upon  changing  the  rate  of  stimulation  from  4  to 
20  interruptions  per  second.  Usually  the  fall  produced  by  20  interrupt 
tions  per  second  was  less  than  that  at  4  per  second.  With  20  interrupt 
tions  per  second  33  per  cent  of  the  experiments  presented  a  pure  rise 
in  blood  pressure  and  40  per  cent  of  the  experiments  showed  a  fall  either 
preceded  or  followed  by  a  rise  in  arterial  pressure  (see  table  1); 

Hie  data,  51  serial  readings,  in  table  2  were  collected  from  21  knimals'J 
There  is  in  this  table  a  greater  range  in  strengths  of  stimuU,  than  in 
table  1,  32  to  224  Z  units.  However,  the  reactions  are  similar.  :>  With  & 
rate  of  interruption  of  4  per  second  90  per  cent  of  the  readings  gave  la' 
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pure  fall,  6  per  cent  a  fall  followed  by  a  rise  and  4  per  cent  a  pure  rise 
in  arterial  pressure.  With  20  interruptions  per  second  21  per  cent 
of  theresdings  presented  a  fall,  24  per  cent  a  fall  followed  by  a  rise 
and  55  per  cent  of  the  reading?  gave  a  pure  rise  in  blood  pressure  (see 
table  2). 

Slower  itttes  were  employed  in  table  3.  In  most  instances  1  per 
second  was  employed  for  the  slowest  rate  in  the  series  but  occasionally 
1  per  two  seconds  was  used.  With  this  rate  of  stimulation  93  per 
cent  of  the  readings  presented  a  fall,  5  per  cent  a  fall  followed  by  a 
rise  and  2  per  cent  a  rise  in  arterial  pressure,  with  the  rapid  rate  of 
interruptions — ^20  per  second — only  2  per  cent  gave  a  fall  in  blood 

TABLE  2 

Blood  pressure  changes  iruluced  by  altering  the  raJte  of  stimulation  on  sensory  nerves 
in  $1  cats  under  urethane  anaesthesia.    Strength  of  stimtdus  S$  to  $$4  Z  units 


KUM- 
BBBOr 
RBAD- 

INOS 

AVBR- 
AOS  S 

BATE  or  INTERRUPTION  OT  CURRENT 
PER  SECOND 

NCR\B 

4 

8 

20 

- 

-+ 

+ 

- 

-+ 

+ 

0 

- 

-+ 

+ 

Saphenous 

13 

25 

9 

4 

49 
67 

135 

79 

13 

21 

8 

4 

3 

1 
1 

8 

12 

7 

3 

4 
9 

1 

1 
4 

1 

1 

2 
7 

1 
1 

3 
3 
4 
2 

8 

Peroneal 

15 

Ulnar 

4 

Median 

1 

51 

82 

46 

3 

2 

30 

14 

6 

1 

11 

12  28 

Per  cent 

90 

6 

4 

60 

27 

11 

2 

21 

24 

55 

pressure;  11  per  cent  of  the  reading?  presented  a  fall  followed  by  a 
rise,  11  per  cent  a  rise  followed  by  a  fall  and  76  per  cent  a  pure  rise  in 
blood  pressure  (see  table  3). 

Some  curves  illustrative  of  the  results  obtained  upon  varying  the 
rate  of  the  stimulus  are  here  presented.  Figure  1  is  a  curve  in  which 
weak  or  threshold  stimuU  were  used.  In  this  record  the  strength  of 
stimulus  was  5.8  Z  units.  At  (1)  the  saphenous  nerve  was  stimulated 
at  the  rate  of  20  per  second.  There  resulted  during  the  time  of  the 
stimulus  (approximately  30  seconds)  a  rise  of  arterial  pressure  from 
96  to  99  mm.  of  mercury — a  rise  of  3.1  per  cent.  At  (B)  the  rate  oi 
stimulation  was  8  per  second.  At  (3)  the  rate  of  interruption  was 
4  per  second  and  there  resulted  a  fall  in  arterial  pressure  from  98  to 
94  mm.  of  mercury — a  drop  of  4.1  per  cent. 
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TABLE  3 
Blood  pressure  changes  induced  by  altering  Uie  rate  o]  stimulation  on  sensory  nerves 


in  94  cots  under  urethane  anaesthesia 

.    Strength  of  stimulus  494  Z  units 

S3 

If 

Z 

14 

22 

12 

5 

2 

1 

56 

RATE  or  INTERRUPTION  OF  CURRRNT  PBR  8SOOND 

NERVE 

I* 

4 

8 

ao 

13 

21 

10 

5 

2 

1 

52 

3+ 

1 
1 
1 

3 

-1- 
1 

1 

5 

8 
4 

1 
1 

19 

7 
5 
5 

1 
1 
1 

20 

36 

+- 

1 
4 

1 

6 
11 

+ 

1 
5 
3 
2 

11 
20 

1 

3 
3 

1 

8 
14 

6 

1 
.   1 

1 
1 

10 
18 

+- 

1 
2 

1 
1 

+ 

6 

16 

7 

2 

1 
1 

1 

-+ 

3 
2 

1 

+- 

1 
3 

1 
1 

+ 

Saphenous 

12 

Peroneal 

16 

Ulnar- 

0 

Median 

3 

Popliteal 

2 

Radial 

1 

5 
9 

33 
59 

1 

2 

6 
11 

6 
11 

43 

Per  cent 

93 

5 

2 

33 

76 

*  In  some  coses  1  per  two  seconds^ 


Fig.  1.  Upper  curve  blood  pressure.  The  lower  line  time  in  five  seconds  and 
the  point  of  stimulation  (also  sero  blood  pressure).  Saphenous  nerve  5.8  Z 
units.    This  and  all  following  records  are  explained  in  the  text. 
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Figure  2  is  a  type  of  curve  in  which  piu*e  pressor  and  depressor  results 
are  observed.  In  this  record  the  strength  of  stimulus  applied  to  the 
saphenous  nerve  was  32  Z  units.  Similar  results  were  obtained  upon 
this  animal  with  a^  weak  a  current  as  17  Z  units.  From  this  curve  the 
striking  difference  in  the  effects  that  slow  and  rapid  rates  have  upon 
the  vasomotor  mechanism  can  be  seen.  At  (1)  the  rate  of  stimulation 
was  4  per  second  and  appUed  approximately  30  seconds.  The  arterial 
pressure  decreased  from  117  to  106  mm.  of  mercury — a  fall  of  9.4 


Fig.  2.  Upper  curve  blood  pressure.    Lower  line  zero  pressure,  time  in  five 
seconds.    Stimulation  of  saphenous  nerve. 

per  cent.  At  (^)  the  rate  of  stimulation  was  20  stimuli  per  second  and 
the  blood  pressure  rose  from  115  to  127  mm.  of  mercury — a  rise  of 
10.4  per  cent.  Similar  results  were  obtained  upon  other  animals  not 
only  with  moderately  weak  currents  but  also  with  threshold  currents 
and  with  stimuU  up  to  283  Z  units. 

A  reyersal  of  the  blood  pressure  is  not  always  obtained  upon  increas- 
ing the  rate  of  inteiruptipn  but  a  fall  produced  by  a  rapid  rate  is  usually 
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lefiis  thkn  that  brought  about  by  a  slower  rate  of  stimuiation.  Figure 
3  lis  a  curve  obtained  by  stimulating  the  uhiar  nerve  "With  a  strength 
of  stimulus  of  88  Z  units.  At  (i)  the  rate  of  stiinulation  was  4  per 
second  and  there  resulted  a  fall  of  blood  pressure  from  116  to  102 
ram.  of  mercury — a  drop  of  12  per  cetat.  Twenty  interruptions  per 
second  were  used  in  (2)  and  there  resulted  a  fall  of  2  nmi.  of  mercury— 
a  drop  of  about  2  per  cent.  Seven  interruptions  per  second  were  used 
in  (5)  and  4  interruptions  in  (4).  In  the  former  case  there  resulted 
a  fall  of  4  per  cent  and  in  the  latter  a  fall  of  8.5  per  cent. 


Fig.  3.  Upper  curve  blood  pressure.  Middle  curve  respiration.  Lower 
line  zero  blood  pressure,  time  in  five  second0.    Stimulation  of  ulnar  nerve. 

Figure  4  is  another  type  record  obtained  upon  stimulating  the  per- 
oneal nerve  with  a  strength  of  stimulus  of  32  Z  units.  At  (1)  the  rate 
of  stimulation  was  7  per  second  and  a  fall  in  blood  pressure  is  observed. 
In  this  curve  as  in  other  curves  in  which  the  rate  of  the  stimulus  was 
favorable  to  dilation,  the  pressure  falls  and  rises  slowly.  When  the 
rate  is  faster  the  curve  falls  abruptly  and  ascends  rapidly  and  may 
reach  the  normal  level  before  the  stimulus  has  ceased.  At  {£)  the  rate 
of  stimulation  was  20  per  second  and  there  is  seen  a  slight  fall  in  blood 
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pressure  followed  by  a  rise.  This  type  of  curve  was  frequently  ob- 
served when  the  stimulus  was  weak  or  moifierately  strong.  As  the 
currents  became  stronger  the  curves  were  usually  the  reverse,  that 
is,  a  rise  was  usually  followed  by  a  fall  in  blood  pressure. 

Figure  5  is  a  record  obtained  by  stimulating  the  ulnar  nerve  with  a 
strength  of  stimulus  of  494  Z  imits.  At  (1)  the  rate  of  stimulation  was 
1  per  second  and  there  resulted  a  fall  in  arterial  pressure  of  13  per 
cent.    At  (4)  the  rate  of  stimulation  was  4  per  second  and  at  (20) 


Fig.  4.  Upper  curve  blood  pressure.  liower  line,  atmospheric  pressure, 
time  five  seconds,  and  point  of  stimulation. 

20  per  second,  with  a  resultant  rise  in  arterial  pressure  of  26  per  cent 
in  the  latter  case. 

Hunt  (5)  summarizes  his  results  on  changes  in  the  rate  of  stimulation 
upon  the  vasomotor  center  as  follows,  '*Only  a  rise  in  pressure  resulted, 
the  character  of  which  was  determined  by  the  number  and  strength 
of  the  stimuli;  the  rise  was  very  gradual  with  slow  weak  stimulation, 
but  took  place  much  more  suddenly  with  stronger  and  more  rapid 
stimulation.'' 
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Fig.  5.  Upper  curve  blood  pressure.    Lower  line  zero  blood  pressure,  time 
five  seconds,  and  point  of  stimulation. 


^'JKk^'^0i^m/\m 


Fig.  6.  Upper  curve  blood  pressure.    Lower  line  zero  blood  pressure,  time  in 
five  seconds  and  i>oint  of  stimulation. 
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The  results  obtained  in  figure  6  are  slightly  different  from  those 
observed  by  Hunt.  The  strength  of  stimulus  applied  to  the  peroneal 
nerve  was  494  Z  units.  At  {1)  the  rate  of  stimulation  was  1  per  second 
causing  a  fall  of  11.3  per  cent.  At  (S)  the  rate  was  4  per  second  from 
which  there  resulted  a  rise  of  7.1  per  cent.  At  (5)  the  rate  of  stimula- 
tion was  8  per  second  producing  a  rise  in  arterial  pressiu*e  of  11.2  per 
cent.  A  rise  of  20  per  cent  was  observed  when  the  rate  of  stimulation 
was  16  per  second  (at  4)  And  a  rise  of  28  per  cent  was  obtained  when 

the  rate  of  stimulation  was  20  per 

second  (at  5). 

In  a  number  of  experiments  a  cur- 
rent of  650  Z  imits  slowly  interrupted 
(1  per  second)  gave  a  fall  in  pressure, 
whereas  4  per  second  produced  a  rise. 
In  only  two  instances  stronger  cur- 
rents were  employed.  In  these  cases 
1  ampere  was  used  in  the  primary 
circuit.  One  animal,  on  November  23, 
from  which  figure  7  is  taken  2244  Z 
units  produced  a  fall  of  6  per  cent 
when  the  rate  of  interruption  was  1  per 
two  seconds  (at  1)  and  a  rise  of  33  per 
cent  when  the  rate  of  interruption  was 
4  per  second  (at  S),  A  rise  of  7  per 
cent  in  blood  pressure  was  obtained  on 
this  sapie  popliteal  nerve,  when  the 
rate  of  interruption  was  10  per  second 
and  the  strength  of  stimulus  was  244 
Z  imits.  Using  the  peroneal  nerve  of 
the  same  animal  8891  Z  imits  inter- 
rupted at  the  rate  of  1  per  two  seconds 
produced  a  fall  of  5  per  cent,  and  a 
rate  of  interruption  of  the  stimulating 
current — 20  times  per  second — produced  a  rise  of  28  per  cent.  On 
November  26,  similar  results  were  obtained;  17  Z  units  at  20  mter- 
ruptions  per  second  produced  a  rise  in  blood  pressure.  The  current 
was  then  increased  in  strength  to  6643  Z  units  with  a  rate  of  1  per  two 
seconds  a  fall  of  5  per  cent  resulted,  when  the  current  was  4  per  second, 
a  rise  of  7  per  cent  was  observed. 


Fig.  7.  Upper  curve  blood 
pressure.  Middle  line  zero 
pressure  and  time  in  five-second 
intervals.  The  lower  line  the 
point  of  stimulation. 
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DISCUSSION 

From  the  above  data  it  is  shown  conclusively  that  not  only  the 
strength  but  also  the  rate  of  stimulation  is  important  in  bringing 
about  reflex  vasodilator  and  reflex  vasoconstrictor  changes.  With  the 
same  strength  of  stimulus  pressor  and  depressor  results  are  obtain- 
able by  varying  the  rate  of  stimulation  from  1  to  20  stimuli  per  second. 
A  rapid  rate  of  stimulation  which  usually  brings  about  vasoconstric- 
tion occasionally  produces  a  fall  in  blood  pressure,  but  this  fall  is  al- 
most always  less  than  that  produced  by  a  slower  rate  of  interruption. 
With  a  slow  rate,  4  per  second,  depressor  (reflex  vasodilator)  responses, 
and  with  a  rapid  rate,  20  per  second,  pressor  responses  have  been  ob- 
served with  5.8  Z  units.  Upon  increasing  this  current  to  383  Z  units 
or  seventy  times  5.8  Z  units  these  same  phenomena  have  been  observed. 
Upon  increasing  the  current  to  494  Z  units  usually  the  rate  of  4  per 
second  produced  a  rise  in  pressure  but  a  slower  rate  1  per  second  or  1 
per  two  seconds  produced  a  fall.  Not  only  was  it  possible  to  bring 
about  a  fall  in  blood  pressure  with  1  per  two  second  stimulation  with 
494  Z  units,  but  the  strength  of  stimulus  could  be  increased  to  6643 
Z  units  and  still  a  fall  was  observed.  This  current  was  390  times 
stronger  than  the  current  necessary  to  produce  a  rise  in  blood  pressure 
when  interrupted  20  times  per  second.  That  summation  does  take 
place  with  rapid  rates  of  stimulation  is  undisputable,  but  it  does  not 
seem  probable  in  this  case  where  the  strength  is  more  than  400  times 
threshold  that  the  phenomenon  of  summation  can  explain  the  different 
effects  obtained  with  these  rates  of  1  per  two  second  and  20  per  second 
interruptions. 

Most  observers  believe  the  pressor  response  to  be  the  "normal" 
and  predominating  response  upon  cutaneous  sensory  nerve  stimula- 
tion and  the  depressor  response  unusual  except  upon  alteration  in  the 
nerve  tissue  itself  (14).  Martin  and  Lacey  claim  that  the  depressor 
response  is  the  natural  response  because  the  threshold  is  lower.  My 
experiments  throw  no  further  light  upon  the  subject  than  that  the 
threshold  may  be  the  same  for  both  pressor  and  depressor  responses, 
depending  upon  the  rate  of  stimulation.  If,  however,  the  rate  of 
stimulation  is  slow  and  uniform,  then  the  threshold  for  the  depressor 
response  is  the  lower  as  observed  by  Martin  and  Lacey  (7).  Their 
claim  (7)  that  depressor  responses  are  not  imusual,  upon  sensory  nerve 
stimulation,  is  supported  by  these  results. 
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1.  The  rate  of  stimulation  modifies  the  responses  obtained  reflexly 
from  the  vasomotor  mechanism,  when  the  saphenous,  peroneal,  ulnar, 
radial,  median  and  popUteal  nerves  are  stimulated  centrally. 

2.  These  results  confirm  Martin  and  Lacey's  conclusions  that  no 
difference  in  effect  on  blood  pressure  was  observed  when  different 
sensory  nerves  were  stimulated.  Radial,  ulnar,  median,  peroneal, 
saphenous  and  popliteal  nerves  gave  depressor  responses  upon  stimu- 
lating with  a  weak,  slowly  interrupted  current  (4  per  second).  Pressor 
responses  were  obtained  upon  these  same  nerves  with  weak  currents 
but  the  rate  of  interruption  was  increased  from  4  to  20  per  second. 

3.  Slow  rates  (1  per  second  or  1  per  two  seconds)  of  stimuli  act  favor- 
ably in  bringing  about  depressor  responses  even  when  the  strength 
of  stimulus  is  494  to  8891  Z  units  or"  90  to  400  times  the  threshold 
stimulus. 

4.  In  45  serial  readings  made  upon  16  cats  under  urethane  anaesthesia, 
the  average  strength  of  current  was  foimd  to  be  10.2  Z  imits.  One 
hundred  per  cent  of  the  readings  showed  depressor  effects  with  a  rate 
of  4  stimuli  per  second  and  73  per  cent  showed  a  pressor  effect  with  a 
rate  of  20  stimuli  per  second. 

With  an  average  current  of  82  Z  units  for  51  readings  upon  21  cats, 
96  per  cent  of  the  readings  showed  a  fall  in  blood  pressure  with  a  rate 
of  4  stimuli  per  second  and  79  per  cent  showed  a  rise  in  arterial  pressure 
with  a  rate  of  20  stimuli  per  second. 

With  a  strong  current  494  Z  imits  for  56  readings  upon  24  cats  98 
per  cent  showed  a  fall  in  arterial  pressure  at  1  per  second  or  1  per  two 
second  stimulation.  Ninety-eight  per  cent  of  the  readings  showed  a 
rise  in  blood  pressure  when  the  rate  of  stimulation  was  20  stimuU  per 
second. 

5.  Whether  pressor  or  depressor  responses  are  the  "normar*  results 
upon  sensory  stimulation  depends  upon  the  rate  of  stimulation  and 
the  strength  of  the  stimulus.  The  threshold  for  both  may  be  the  same 
if  the  rate  is  slow  (4  per  second)  for  depressor  and  rapid  (20  per  second) 
for  pressor  responses. 
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INTRODUCTION 

The  frequency  of  nerve  impulses  discharged  from  the  central  nervous 
sjrstem  in  voluntary  and  reflex  contractions  of  the  skeletal  muscles 
presents  a  problem  concerning  which  great  difference  of  opinion  is 
foimd  among  investigators.  Piper^  who  has  made  the  most  extensive 
study  of  action  currents  in  human  muscles,  has  shown  with  a  string 
galvanometer  that  when  electrodes  are  appUed  to  the  skin  over  a  skele- 
tal muscle  (e.g.,  a  forearm  flexor)  in  such  a  way  that  interference  cur- 
rents are  minimized,  a  fairly  regular  series  of  action  currents  with  a 
rhythm  of  about  50  per  second  accompanies  volimtary  contraction. 
He  states  that  the  electrical  effect  of  voluntary  contraction  can  be 
reproduced  by  stimulating  the  motor  nerve  with  50  induction  shocks 
per  second,  and  that  the  records  made  under  the  two  conditions  are 
quite  similar.*  He  infers  from  this  that  the  central  nervous  system 
sends  to  the  muscle  50  impulses  per  second. 

Buchanan'  has  repeated  the  observations  of  Piper,  using  a  capillary 
electrometer  instead  of  a  string  galvanometer.  She  dissents,  however, 
from  Piper's  conclusion  that  the  muscle  reveals  the  rhythm  of  inner- 
vation. Her  reasons  are  in  the  main  two.  In  the  first  place,  her 
attempt  to  duplicate  the  electromyogram  of  voluntary  contractions 
by  stimulating  the  median  nerve  of  a  human  subject  with  50  induction 
shocks  per  second,  yields  with  her  capillary  electrometer  a  record 
differing  from  that  of  the  voluntary  contraction.* 

^  Piper:  Elektrophysiologie  menschlicher  Muskeln,  Berlin,  1912;  PflDger's 
Arch.,  1909,  cxxix,  145,  etc. 

» Piper:  Arch.  f.  Physiol.,  1910,  208. 
•  Buchanan:  Quart.  Joum.  Exper.  Physiol.,  1908,  i,  225. 
«  Loc.  cit.,  229  and  242,  figs.  6  and  10. 
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Her  second  reason  is  based  on  an  important  series  of  experiments' 
with  decerebrate  frogs  drugged  with  strychnine.  She  found  that  when 
the  frog's  gastrocnemius  muscle  was  connected  with  the  electrometer 
the  records  of  the  reflex  spasm  showed  usually  two  distinct  rhythms. 
There  were  large  undulations  with  frequencies  of  from  3  to  14  per 
second,  and  superimposed  upon  the  initial  or  ascending  phase  of  each 
of  these  were  smaller  undulations  with  frequencies  between  40  and  100 
per  second.  The  larger  undulations  she  designates  waves;  the  smaller, 
wavelets.  By  placing  the  gastrocnemius  muscle  in  a  moist  chamber 
separate  from  the  rest  of  the  animal;  except  for  an  aperture  to  admit 
the  nerve,  she  was  able  to  raise  and  lower  the  temperature  of  the  muscle 
without  altering  that  of  the  nerve  centers.  The  result  of  this  proce- 
dure was  to  raise  and  lower  correspondingly  the  frequency  of  the  "wave- 
lets" without  changing  that  of  the  waves.  The  wavelet  frequency  at 
a  muscle  temperatiure  of  7**C.  varied  from  40  to  54  per  second,  at  16°C. 
it  lay  between  100  and  110  per  second.  From  this  she  argued  that  the 
wavelets  do  not  correspond  with  any  central  nervous  rhythm  but 
indicate  a  rhythm  intrinsic  in  the  muscle.  To  show  that  the  wavelet 
rhythm  is  completely  independent  of  the  nerve  centers  she  altered  the 
temperature  of  the  spinal  cord  while  keeping  the  temperature  of  the 
muscle  constant,  with  the  result  that  the  frequency  of  the  waves 
changed  but  not  that  of  the  wavelets.  She  believes  that  the  undula- 
tions seen  in  the  electromyogram  of  human  muscles  in  voluntary  con- 
traction partake  of  the  nature  of  the  wavelets  in  her  frog  records 
rather  than  of  that  of  the  waves.  Certainly  their  frequency  would  so 
suggest.  She  contends  that  as  the  "wavelet"  rhythm  is  "of  peripheral 
origin,'*  we  have  no  evidence  that  the  central  stimulus  is  discontinuous 
in  its  nature,  ohe  attempted  in  one  case  to  extend  her  observations 
on  change  of  temperature  to  human  muscles  by  comparing  the  electro- 
myogram of  the  same  individual  with  the  arm  in  an  atmosphere  at 
13*^C.  in  one  case,  and  in  an  incubator  at  35°C.  in  the  other.  She 
foimd  no  change  of  rhythm  sufficiently  marked  to  exceed  the  limits  of 
variation  resulting  from  the  usual  irregularity  in  the  oscillations.  It 
may  be  remarked  here  that  the  temperature-regulating  powers  of  the 
circulation  are  probably  sufficient  to  maintain  a  close  approximation 
to  normal  temperature  in  the  muscle  fibers  under  such  diversity  of 
atmospheric  temperature  as  was  here  employed.  At  least  the  change 
of  temperature  was  probably  insignificant  compared  to  that  imposed 
on  the  frog's  muscles. 

•  Buchanan:  Loc.  cit.,  213-221;  cf.  also  Journ.  Physiol.,  1901,  xxvii,  95. 
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Garten^  in  dealing  with  this  problem  recorded  hmnan  electromyo- 
grams  under  stimulation  of  the  motor  nerve  with  a  constant  current, 
with  an  alternating  ciurent  of  2200  cycles  per  second,  and  in  voluntary 
contraction.  He  foiind  approximately  the  same  action  current  rhythm 
imder  all  three  conditions,  which  suggested  that  the  rhythm  was 
intrinsicaUy  muscular  and  independent  of  innervation  rhythm.  But  a 
comparison  of  the  records  obtained  from  the  nerve  and  muscle  of  the 
rabbit,  the  nerve  being  in  each  case  stimulated  with  a  constant  current, 
showed  so  close  a  correspondence  of  rhythm  in  the  two  tissues  that  he 
concludes^  that  the  muscle  probably  affords  a  true  record  of  the  dis- 
chai*ge  of  nerve  impulses  from  the  gangUon  cells. 

Piper^  argues  against  Buchanan's  view,  contending  that  the  char- 
acteristic rhythm  of  50  per  second  in  voluntary  contraction  must  be 
determined  by  an  equal  frequency  of  nerve  impulses  because  it  is 
possible  to  raise  the  frequency  of  induction  shocks  applied  to  a  motor 
nerve  as  high  as  300  per  second  and  still  obtain  a  corresponding  action 
current  rhythm  in  the  muscle.  He  argues  that  if  the  muscle  is  capable 
of  responding  separately  to  300  nerve  impulses  a  second  it  would  not 
limit  itself  to  50  responses  per  second  when  subject  to  stimulation 
which  is  continuous  or  of  a  frequency  too  high  for  the  muscle  to  follow. 
The  argument  appears  at  first  sight  convincing,  but  we  believe  we  can 
show  presently  that  it  is  not  necessarily  vaUd.  Piper®  has  also  reported 
an  experiment  on  the  progressive  increase  in  frequency  of  rhjrthm 
accompanying  progressive  rise  in  temperature,  but  the  experiment  is 
not  crucial  since  he  raised  the  temperature  of  the  entire  animal  (turtle), 
thus  making  the  change  conmion  to  both  nerve  center  and  muscle. 

Dittler^®  has  made  an  important  contribution  to  the  subject  by 
recording  with  the  string  galvanometer  the  action  current  of  the  dia- 
phragm of  the  rabbit  in  spontaneous  respiration,  and  subsequently" 
the  action  current  of  the  severed  phrenic  nerve  imder  experimental 
conditions  as  nearly  similar  as  possible.  In  these  experiments  the 
rhythm  of  the  muscle  corresponded  with  that  of  the  nerve  so  closely 
that  Dittler  concluded  that  in  general  a  muscle  reproduces  the  rhythm 
of  its  central  innervation.    His  evidence  surely  points  strongly  in  that 

«  Garten:  Zeitschr.  f.  Biol.,  1909,  lii,  555. 
7  Loc.  cit.,  562. 

•  Piper:  Arch.  f.  Physiol.,  1910,  209. 

•  Loc.  cit.,  p.  216. 

»•  Dittler:  PflUger^s  Arch.,  1909,  cxxx,  400. 
»  Dittler:  Pflttger's  Arch.,  1910,  cxxxi,  581. 
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direction,  but  it  does  not  necessarily  follow  that  the  same  correspondence 
obtains  in  the  voluntary  contraction  of  skeletal  muscles. 

Beritoff^  has  made  some  experiments  with  a  string  galvanometer 
on  the  maximum  frequencies  of  response  obtainable  in  nerve  and 
muscle  and  on  rh3rthm  of  reflex  muscular  responses  in  the  frog.  In 
discussing  his  results  he  gives  an  excellent  review^'  of  the  controversy 
under  consideration,  and  urges  that  the  observed  rhythm  of  muscle 
imder  central  innervation  should  not  be  regarded  as  the  specific  rhythm 
of  musble  exclusively,  or  as  the  rhythm  of  central  innervation.  Whether 
the  recorded  muscle  rhythm  in  any  given  case  is  that  of  central  inner- 
vation or  is  intrinsically  muscular,  depends,  in  his  view,  on  whether  or 
not  the  impulses  are  sent  out  from  the  center  at  a  frequency  higher 
or  lower  than  the  "specific  rhythm"  of  the  muscle  under  the  con- 
ditions of  the  experiment.  In  this  it  seems  to  us  he  makes  an  important 
step  toward  a  true  comprehension  of  the  problem;  but  we  beUeve  that 
in  the  Ught  of  certain  properties  of  nerve  and  muscle  recently  estab- 
lished by  Lucas  and  Adrian"  the  interpretation  of  the  facts  already  on 
record  together  with  the  results  of  our  experiments,  will  make  the 
matters  less  confusing.  To  this  we  shall  return  in  the  discussion  of 
results. 

At  all  events,  Buchanan's  observations  on  the  change  of  wavelet 
rhythm  with  change  of  temperature  confined  to  the  muscle  is  of  funda- 
mental importance.  But  the  gap  between  a  strychnine  spasm  in  the 
decerebrate  frog  and  the  voluntary  contraction  of  muscle  in  man  is 
such  as  to  render  it  highly  desirable  that  observations  similar  to  hers 
should  if  possible  be  made  on  human  beings  under  conditions  more  like 
those  obtaining  in  Piper's  experiments.  With  this  idea  in  mind  we 
have  performed  a  few  experiments,  using  ourselves  as  subjects. 

METHOD 

Our  object  was  to  record  the  action  currents  of  hmnan  muscles  in 
voluntary  contraction  imder  as  widely  varying  temperatures  as  possible 
and  with  as  little  variation  as  possible  in  the  temperature  of  the  central 
nervous  system.  We  thought  it  probable  that  some  of  the  small 
muscles  of  the  hand  lying  close  to  the  skin  could  be  cooled  appreciably 

"Beritoff:  Zeitschr.  f.  Biol.,  1913,  Ixii,  125. 
»»  Loc.  cit.,  190-196. 

^*  Lucas:  Journ.  Physiol.,  1911,  xliii,  46;  Adrian  and  Lucas:  Joum.  Physiol., 
1912,  xliv,  114;  Adrian:  Journ.  Physiol.,  1913,  xlvi,  384. 
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by  immersion  in  ice  water  and  would  stay  cool  long  enough  to  admit  of 
taking  a  record  after  withdrawal.  But  it  seemed  desirable  first  to 
make  some  test  of  the  question  whether  the  lowering  of  temperature 
resulting  from  such  immersion  coiild  penetrate  appreciably  through 
the  subcutaneous  tissues,  for  it  is  conceivable  that  the  circulation 
might  be  such  as  to  keep  the  muscles  very  near  normal  temperature 
even  though  the  skin  was  thoroughly  chilled. 

For  this  test  a  basin  was  filled  with  water  maintained  at  approxi- 
mately 7°C.  and  set  on  a  stool  beside  the  subject.  A  thermometer 
was  secured  with  adhesive  plaster  so  that  the  bulb  remained  in  con- 
tact with  the  palm  of  the  hand.  The  hand  was  then  held,  palm  up, 
over  the  water,  but  not  touching  it,  tiU  the  thermometer  had  cc«ne  to 
rest  and  the  fluctuations  due  to  slight  involuntary  motions  of  the  hand 
had  been  noted.  When  the  temperature  was  steady  the  hand  was 
cautiously  lowered,  care  being  taken  not  to  permit  any  shift  in  the 
contact  of  the  bulb,  till  the  back  of  the  hand  and  most  of  the  wrist 
were  immersed  in  the  cold  water.  But  no  water  was  allowed  to  toudi 
the  palm.  The  recorded  temperature  at  the  beginning  of  contact  with 
cold  water  was  31°C.;  in  foiu*  minutes  it  had  fallen  to  30°C.;  in  fifteen 
minutes  it  had  fallen  to  28.1^0.  Later  similar  partial  inunersicn  in 
hot  water  varying  between  43°C.  and  47°C.  raised  the  temperatiu^  of 
the  thermometer  from  28.1°C.  to  30.9**C.  in  twelve  minutes.  From 
this  it  is  evident  that  an  easily  appreciable  fall  of  temperature  can  be 
transmitted  from  the  surface  not  merely  to  the  interior  of  the  hand, 
but  through  it  and  through  the  skin  again  to  the  opposite  surface. 
There  is  no  doubt  that  with  complete  immersion  of  most  of  the  fore- 
arm as  well  as  the  hand  a  fall  of  temperature  can  be  produced  in  the 
small  muscles  of  the  hand  still  greater  than  was  shown  in  the  thermom- 
eter by  this  experiment.  It  is  impossible  to  form  any  exact  estimate 
of  the  degree  of  cooling  of  a  muscle  by  this  procedure,  but  it  seems 
reasonable  to  expect  from  an  immersion  of  most  of  the  forearm  in 
water  at  6**  to  7°C.  for  fifteen  minutes  a  fall  of  more  than  5**C.,  and 
perhaps  a  fall  of  more  than  10°C.  This  should  suflSce  to  reveal  a 
change  of  rhythm  if  conditions  in  himian  muscles  are  such  as  might 
be  inferred  from  Buchanan's  experiments  on  the  frog. 

The  string  galvanometer  used  in  these  experiments  was  of  the  Cam- 
bridge type.  A  full  description  of  the  electrical  connections  and 
photographic  recording  apparatus  has  already  been  published."    The 

»  Forbes  and  Gregg:  This  Journal,  xxxvii,  1915,  121-130. 
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arc  lamp  was  used  for  illumination,  and  with  it  the  simplified  optical 
system.  The  5000  ohm  platinum  string,  hitherto  designated  ''String 
C,"  was  used  throughout. 

The  electrodes  used  for  leading  oS  the  action  current  through  the 
skin  were  essentially  the  same  as  those  described  by  Piper.^*  They 
consisted  of  small  glass  funnels  with  their  small  ends  cut  off  to  admit 
rubber  stoppers,  and  with  cat  bladders  fastened  over  the  large  ends 
so  that  they  could  be  filled  with  zinc  sulphate  solution.  Zinc  rods 
thrust  through  the  rubber  stoppers  were  thus  introduced  into  the  solu- 
tion to  make  connection  with  the  galvanometer.  The  outer  surface 
of  the  bladder  was  soaked  in  salt  solution  when  appUed  to  the  skin. 
When  used  they  were  secured  with  the  bladders  in  contact  with  the 
appropriate  skin  areas  by  leather  wristbands  in  which  had  been  cut 
roimd  holes  a  little  smaller  than  the  large  end  of  the  fimnels,  the  wrist- 
bands being  strapped  aroimd  the  arm  as  tightly  as  was  comfortable. 
A  sat\u*ated  solution  of  zinc  sulphate  was  then  poured  into  the  funnel 
till  the  rubber  stopper  with  the  zinc  rod  could  be  inserted  leaving  no 
bubble  of  air  inside.  In  this  way  were  eliminated  such  electrical  dis- 
turbances as  might  result  from  changes  in  the  portions  of  the  zinc  rod 
in  contact  with  the  fluid,  which  might  be  caused  by  mechanical  agitation. 

The  muscle  selected  as  best  adapted  for  this  investigation  was  the 
first  dorsal  interosseous  which  presents  a  well  defined  mass  near  the 
surface  of  the  hand  between  the  thimib  and  forefinger.  In  leading 
off  from  this  muscle  a  small  funnel  electrode  only  about  25  mm.  in 
diameter  was  applied  over  the  belly  of  the  muscle,  while  a  larger  elec- 
trode was  placed  on  the  back  of  the  hand  near  the  Uttle  finger.  Both 
were  secured  in  place  by  a  single  wristband  with  a  hole  for  eath  elec- 
trode, strapped  aroimd  the  hand  and  passing  through  the  angle  between 
the  thumb  and  forefinger.  Contraction  was  produced  by  placing 
the  proximal  phalanx  of  the  forefinger  against  the  edge  of  a  heavy 
table  and  making  a  strong  effort  to  adduct  the  finger,  which  motion 
was  opposed  by  the  table.  Another  method  used  was  to  press  the  tip 
of  the  thumb  against  the  side  of  the  forefinger  and  exert  in  this  way 
a  mutual  pressure. 

The  results  with  this  muscle  were  so  satisfactory  that  we  were  en- 
couraged to  repeat  the  experiment,  using  the  forearm  flexors  which 
have  served  for  the  majority  of  electromyograms  made  by  Piper  and 
others,  and  which  yield  larger  and  somewhat  more  regular  galvanometric 

"  Piper:  PflUger's  Arch.,  1909,  cxxix,  149. 
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excursions  than  the  small  muscle  in  the  hand.  In  using  this  musde 
group  the  arm  was  immersed  in  ice  water  to  a  point  above  the  elbow. 
The  electrodes  were  applied,  one  a  large  one  of  about  53  mm.  diameter) 
over  the  flexor  misscles  about  midway  between  the  elbow  and  the  wrist, 
the  other  over  the  tendons  of  these  muse  es  at  the  wrist.  Each  was 
secured  by  a  separate  wristband. 

The  experimental  procedure  began  with  washing  n  warm  water 
the  skin  over  the  muscle  to  be  studied.  The  object  was  to  minimize 
any  error  that  might  result  from  comparing  records  taken  through  the 
skin  which  had  not  been  previously  moistened,  with  records  taken 
through  well  soaked  skin.  Such  an  error  could  hardly  influence  the 
main  question,  i.e.,  the  frequency  of  action  currents,  since  the  only 
significant  alteration  would  probably  be  that  of  skin  resistance,  and 
such  a  change  would  affect  the  magnitude  but  not  the  frequency  of 
galvanometric  exciuBions.  But  it  seemed  desirable,  none  the  less,  to 
make  conditions  as  imiform  as  possible,  for  any  marked  change  of 
ampUtude  would  be  of  interest. 

The  electrodes  were  then  appUed  and  a  series  of  records  was  obtained 
with  both  moderate  and  strong  contractions,  the  muscle  being  at  ap- 
proximately normal  temperature.  Then  the  hand  was  immersed  in  a 
large  jar  of  cold  water  for  from  fifteen  to  twenty  minutes,  the  tem- 
perature of  the  water  being  kept  between  4**C.  and  9°C.  by  the  occasional 
addition  of  cracked  ice.  When  only  the  first  dorsal  interosseous  muscle 
was  to  be  studied  the  arm  was  only  immersed  to  a  point  midway  be- 
tween the  wrist  and  elbow;  when  the  forearm  flexors  were  studied  a 
tall  jar  was  used  which  permitted  immersion  to  a  point  above  the 
elbow.  Inmiediately  after  this  inmiersion  the  skin  was  rapidly  wiped 
dry,  the  electrodes  were  reapplied,  and  another  series  of  contract'ons 
was  recorded  as  soon  as  possible.  In  every  case  the  records  were  made 
about  four  or  five  minutes  after  the  hand  was  withdrawn  from  the  cold 
water.  The  skin  over  the  entire  area  that  had  been  immersed  felt 
well  chilled  to  the  touch  for  a  considerably  longer  period  than  this,  and 
we  believe  that  the  muscle  was  at  the  time  of  the  records  nearly  as 
far  below  its  normal  temperature  as  it  was  at  the  moment  of  withdrawal. 
There  also  persisted  a  marked  loss  of  efficiency  in  the  cooled  muscles, 
evidenced  by  the  dfflSculty  experienced  in  attempting  to  write  with 
the  chilled  hand. 

The  hand  was  then  immersed  in  water  as  hot  as  could  readily  be 
borne,  i.e.,  between  44°  and  47°C.,  for  a  period  of  six  or  eight  minutes, 
sometimes  longer.    With  the  aid  of  the  circulation  the  warming  proo- 
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ess  is  mdre  rapid  than  the  cooling  process,  and  it  seemed  to  us  that 
this  period  sufficed  to  raise  the  temperature  of  the  hand  about  as  high 
as  it  was  possible  to  raise  it.  Again  the  hand  was  withdrawn,  the  skin 
wiped,  the  electrodes  reapplied  and  another  series  of  records  taken  at  a 
time  varying  from  three  to  six  minutes  after  withdrawal. 

In  two  of  the  experiments  the  question  of  the  change  of  body  tem- 
perature was  controlled  by  noting  at  frequent  intervals  the  buccal 
temperature.  In  each  case  the  temperature  remained  between  37°C. 
and  37.2°C.  during  the  entire  experiment.  From  this  we  may  safely 
conclude  that  there  was  not  enough  change  of  temperature  in  the  gan- 
glion cells  to  account  for  any  change  of  rhythm  which  might  appear  in 
the  records 

We  encountered  in  one  experiment  a  technical  difficulty  which  it 
proved  necessary  to  guard  against.  In  one  record  certain  oscillations 
occurred  with  more  persistent  regularity  than  is  commonly  seen  in 
electromyograms;  their  frequency  was  only  about  28  per  second  and  the 
oscillations  due  to  the  action  currents,  being  of  higher  frequency,  were 
superimposed  upon  them.  These  oscillations  were  traced  to  the 
vibration  of  the  building  due  to  a  circular  saw  in  the  machine  shop  two 
floors  below.  That  this  was  possible  was  surprising  as  the  galvanometer 
is  mounted  on  a  stand  built  soUdly  against  the  outside  stone  wall  of 
the  building.  But  by  having  the  saw  alternately  nmning  and  still 
during  a  series  of  observations  we  were  able  to  demonstrate  the  de- 
pendence on  it  of  these  oscillations. 

RESULTS 

The  records  showed  with  perfect  uniformity  a  decrease  in  frequency 
together  with  an  increase  in  amplitude  of  the  excursions  whenever  the 
arm  was  chilled,  and  in  most  cases  a  somewhat  less  pronounced  in- 
crease in  frequency  with  a  decrease  in  amplitude  when  the  arm  was 
heated.  To  make  an  accurate  quantitative  estimate  of  these  changes 
in  frequency  is  difficult,  for,  as  may  readily  be  seen  by  examining  any 
of  the  electromyograms  here  reproduced,  or  any  of  those  published  by 
Piper  and  Garten, ^^  it  is  possible  to  find  in  the  records  of  any  single 
second's  duration  all  intermediate  grades  of  oscillation  from  the  largest 
down  to  barely  perceptible  deviations  in  the  course  of  the  curve.  In 
consequence,  it  is  sometimes  hard  to  decide  what  to  count.    Piper 

*^  Piper:  Elektrophysiologie  menschlicher  Muskein,  Berlin,  1912,  82-85,  97. 
Garten:  Loc.  cit.,  figs.  38  and  39,  plate  xvii. 
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has  contended  that  a  proper  estimate  of  the  true  frequency  of  action 
currents  should  be  made  by  counting  only  the  'primary  waves"**® 
and  thus  avoiding  confusion  due  to  "interference."^'  In  our  experi- 
ments with  the  forearm  flexors  we  have  been  careful  to  place  the 


A   '  --'v-i 
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Fig.  1.  Electromyograms  of  first  dorsal  interosseous  muscle;  adduction  of 
forefinger  against  table.  Experiment  3;  Subject  R.  A,  after  fifteen  minutes' 
immersion  at  VC  B,  after  four  minutes'  preliminary  immersion  at  40°C.  C, 
after  final  immersion,  fifteen  minutes  at  47*^0.  In  all  figures  the  upper  line 
recording  movements  of  the  string,  shows  by  upward  excursions  negativity  in 
the  electrode  placed  over  the  belly  of  the  muscle.  The  lower  line  records  time; 
each  complete  vibration  ^  0.01  second. 

electrodes  in  positions  corresponding  closely  to  the  points  Piper  des- 
ignates "3"  and  "5,"^^  thereby  eliminating  as  far  as  possible  the 
secondary  oscillations  which  he  ascribes  to  "interference.^*    In  experi- 

»» Piper:  Arch.  f.  Physiol.,  1910,  211. 

i»  Piper:  Pfluger's  Arch.,  1909,  cxxix,  157,  fig.  3;  Elektrophysiologie,  etc.,  29-32. 

««  Piper:  Op.  cit.,  22;  also  Pfluger's  Arch.,  loc.  cit.,  150,  fig.  1. 
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Fig.  2.  Experiment  5;  Subject  F.  First  dorsal  interosseous.  A,  B  and  C  are 
records  of  adduction  against  table.  D,  E  and  F  were  made  by  pressure  between 
thumb  and  forefinger  (see  text).  B  and  E  were  taken  first  at  normal  temperature, 
A  and  D  in  quick  succession  after  eighteen  minutes'  immersion  (with  a  short  inter- 
ruption) at  4°  to  5°C.  C  and  F,  after  subsequent  six  minutes'  immersion  at  47**C.  In 
this  figure  and  in  figures  3  and  4  some  of  the  time  lines  have  been  omitted  to  save 
space,  but  in  each  experiment  the  speed  of  the  film  was  constant  in  all  records. 
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ments  with  the  first  dorsal  interosseous  the  small  sze  of  the  muscle 
has  left  little  choice  •  n  the  placing  of  the  electrode  intended  to  be  at 
the  focus  of  activity;  and  the  position  of  the  other  electrode,  on  the 
back  of  the  hand,  should,  as  far  as  we  can  judge,  serve  as  well  as  any 
other  to  render  the  oscillations  simple  in  form.  Yet  small  secondary 
notches  appear  and  it  is  difficult  to  make  a  reliable  distinction  between 
these  and  the  "primary  waves''  on  whose  importance  Piper  has  insisted. 
In  spite  of  this  difficulty  we  have  found  it  possible  to  make  esti- 
mates of  relative  frequency  of  oscillations,  and  whenever  the  tempera- 

TABLE  1 


Experiment  2;  Subject  F. 


Experiment  3;t  Subject  R. 


Experiment  5;  Subject  F. 


44 
45 

36 
35 

40 
35 

■/38 

\41 


Total 


80 


73 

74 
73 
81 
79 


E 


55 

63 
66 

50 

48 


Total 


112 

104 
118 

107 

111 


S 


(65) 


(64) 

60 
63 


Total 


137 


(114) 

132 
133 


t  In  Experiment  3  the  forearm  was  immersed  in  water  at  40**C.  for  four  minutes 
before  the  first  records  were  taken.  Thus  the  temperature  of  these,  listed  under 
"Normal,"  was  slightly  higher  than  normal.  A  correspondingly  high  count  is 
to  be  noted. 

*  The  figures  in  the  last  two  lines  are  from  records  made  by  mutual  pressure 
between  thumb  and  forefinger.  All  the  rest  are  from  records  of  pressure  against 
the  table. 

ture  has  been  unchanged  through  two  successive  observations  the 
uniformity  of  the  estimates  has  justified  them.  The  method  was  as 
follows:  A  length  on  the  record  corresponding  to  a  second  of  time  was 
marked  oflf,  a  portion  being  chosen  which  showed  a  well  sustained 
period  of  activity.  A  count  was  then  made  of  major  excursions,  the 
criterion  being  that  w^hich  seemed  most  nearly  to  make  the  count  rep- 
resent the  prevailing  rh\i:lun.  Then  a  second  count  was  made  for 
the  same  second,  but  this  time  every  notch  which  could  be  detected 
with  certainty  was  counted.     The  two  figures  were  placed  in  separate 
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columns  and  the  records  at  different  temperatures  were  compared 
separately  on  each  basis.  Table  1  shows  a  comparison  of  these  figures 
taken  from  records  of  the  interosseous  muscle;  in  the  columns  marked 
"Primary"  are  the  counts  of  major  excursions  in  a  second;  in  the 
column  marked  '* Total"  are  the  counts  of  all  discernible  oscillations. 
In  records  made  after  heating  the  arm  the  smallness  of  the  excursions 
renders  difficult  a  satisfactory  count,  and  some  of  these  figures  are 
therefore  in  parenthesis  to  indicate  that  they  are  rougher  approximations 
than  the  others.     This  difficulty  tends  to  make  the  count  too  low. 

The  imiformity  of  counts  made  under  similar  temperature  conditions 
is  such  as  to  warrant  the  conclusion  that  the  difference  correlated  with 
change  of  temperature  indicates  a  real  change  of  rhythm. 


TABLE  2 

KILOS 

COLD 

NORMAL 

HOT 

a 

Total 

Total 

1 

Total 

Experiment  6;  Subject  F I 

Experiment  7;  Subject  R < 

20 
36 
40 

32 
42 
51 

36 
30 

33 

46 
46* 

53 

41 
43 

47 

62 
62 

63 

45 
47 
43 

50 

70 
67 
68 

63 

*  This  count  was  made  on  the  record  reproduced  in  figure  3B  in  which  a  shift 
in  the  zero  current  made  the  record  overlap  the  time  line.  On  this  account  two 
or  three  of  the  minor  oscillations  may  have  been  missed  in  the  count. 

The  forearm  flexors,  although  extending  to  a  greater  depth  below  the 
skin  and  nearer  to  the  large  arteries,  and  consequently  less  easily 
chilled  through,  are  in  other  respects  more  favorable  for  study  than  the 
smaller  muscle  of  the  hand.  For,  in  the  first  place,  the  excursions  are 
larger  and  more  regularly  rhythmical,  and  are  therefore  more  easily 
counted.  In  the  second  place,  it  is  possible  to  grade  the  intensity  of 
contraction  by  means  of  a  dynamometer.  The  subject  gripped  the 
instrument  and,  watching  the  pointer,  maintained  a  steady  contraction 
of  any  desired  force.  Thus  we  could  compare  records  at  different 
temperatures  but  identical  strength  of  contraction. 

Table  2  shows  the  results  of  two  experiments  mth  the  forearm  flexors, 
in  the  first  of  which  the  identity  of  strength  of  contraction  was  closely 
maintained. 
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The  constancy  of  rhythm  in  a  given  experiment  at  a  given  tempera* 
ture  irrespective  of  the  strength  of  contraction  is  strikingly  illustrated 
here,  thus  supporting  the  statement  to  this  effect  already  made  by 
Hper.*^  This  constancy  serves  also  to  emphasize  the  change  of 
rhythm  which  occurs  in  this  muscle  group,  as  well  as  in  the  interosse- 
ous, with  change  of  temperature. 

Another  method  of  estimating  the  action  ciurent  frequency  in  the 
records  taken  from  the  forearm  flexors  was  rendered  possible  by  the 
regular  rhythmicity  appearing  in  portions  of  these  records  (see  figs.  3 
and  4).  A  large  mmiber  of  the  most  regular  of  these  oscillations  were 
selected  and  the  time  interval  between  their  simmiits  determined  by 
careful  measurement  on  the  record.  The  average  of  those  measured 
was  then  computed,  and  from  this  the  average  frequency  of  oscillations 
per  second  for  the  most  rhythmical  portions  was  estimated.  By  this 
method  the  following  results  were  obtained 

Experiment  6 Cold  36,  Normal  49,  Hot  50 

Experiment  7 Cold  39,  Normal  51,  Hot  54 

Here  again  the  figures  show  an  unmistakable  correlation  between 
temperature  and  frequency. 

It  is  to  be  noted  that  in  all  of  the  figures  given,  the  difference  in 
frequency  is  far  less  marked  between  normal  and  hot  than  between 
normal  and  cold,  and  in  some  instances  of  the  former  no  difference  at 
all  is  revealed  by  the  figures.  This  is  to  be  expected  inasmuch  as  the 
range  of  temperature  above  normal  which  is  tolerable  to  the  skin  is 
far  smaller  than  the  range  below  normal.  Especially  is  it  probable 
in  the  case  of  the  forearm  flexors,  to  which  the  blood  stream  comes 
more  directly  from  the  lai^e  arteries,  that  normal  temperature  is  too 
quickly  re-established  after  withdrawal  from  hot  water  to  render 
possible  the  recording  of  an  increase  in  frequency  with  any  certainty. 
The  fact  that  the  frequency  was  in  no  case  lower  and  in  most  cases 
higher  after  heat  than  normal,  helps  to  support  the  general  conclusion 
which  rests  in  the  main  on  the  comparison  of  normal  with  cold. 

Although  the  figures  we  have  given  are  of  doubtful  value  as  far  as 
establishing  a  quantitative  estimate  of  the  changes,  we  feel  that  in- 
spection of  the  records,  fair  samples  of  which  are  reproduced  in  figures 
1  to  4,  will  leave  no  doubt  that  cooling  the  muscle  slows  the  riiythm. 
And  since  we  have  no  way  of  determining  the  actual  fall  of  temperature 

«  Piper:  Arch.  f.  Physiol.,  1910,  213. 
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Fig.  3.  Experiment  6;  Subject  F.  Forearm  flexors.  A  and  B  cold,  after  nineteen 
minutes'  (interrupted)  immersion,  4**  to  9°C.  C  and  D  normal  temperature.  E  and  F 
hot,  eight  minutes  immersion  44"  to  46*0.  Strength  of  contraction  in  A,  C  and  E,  20 
kilos;  in  B,  D  and  F,  36  kilos. 
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in  the  muscles,  an  exact  determination  of  the  decrease  in  frequency 
would  be  of  little  value.  The  important  fact  is  that  an  immistakable 
decrease  in  frequency  does  occur  when  the  muscle  is  cooled. 

DISCUSSION 

It  seems  to  us  to  follow  from  the  above  results?  that  the  rhythm  of 
action  currents  appearing  in  the  electromyogram  of  human  voluntary 
contraction  is  no  direct  index  of  the  rhythm  of  central  innervation  in- 
volved in  the  act.  The  change  of  rhythm  attending  change  of  tem- 
perature woiild  be  inexplicable  on  any  such  basis.  For  why  should  a 
change  in  the  temperature  of  the  muscle  cause  a  change  in  the  fre- 
quency of  discharge  of  impulses  from  the  gan^on  cells  whose  tempera- 
ture remains  constant?  This  mi^t  conceivably  be  if  Cerent  impulses 
coming  from  the  chilled  muscle  so  modified  the  nerve  center  as  to  alter 
its  frequency  of  discharge;  but  this  assumption  is  far-fetched  and  in- 
vokes nervous  influences  to  which  we  know  of  no  analogy.  And 
since  all  the  known  phenomena,  so  far  as  we  are  aware,  can  be  explained 
in  terms  of  definitely  known  properties  of  nerve  and  muscle,  without 
any  such  speculative  assumption,  it  seems  unnecessary  to  attach  much 
weight  to  it.  We  agree,  then,  with  Buchanan  that  the  rhythm  in  the 
muscle  does  not  follow  the  rhythm  of  motor  nerve  impulses,  but  de- 
pends rather  on  the  condition  of  the  muscle  itself. 

We  now  come  to  the  task  of  reconciling  this  view  with  the  fact  pointed 
out  by  Piper  and  Beritoff,^  that  a  frog's  muscle  can  follow  with  sepa- 
rate action  currents  the  rhythm  of  nerve  impulses  excited  by  induction 
shocks  even  up  to  a  frequency  of  250  or  300  per  second.  In  man  we 
have  a  higher  possible  frequency  to  reckon  with,  for  V.  Stern**  has 
found  by  auscultating  a  muscle  in  a  rabbit  that  a  limiting  frequency  of 
365  per  second  is  possible  in  the  mammalian  muscle  under  like  con- 
ditions of  stimulation;  and  even  without  this  observation  we  should 
expect  a  higher  frequency  under  the  temperature  conditions  prevailing 
in  man  than  in  the  nerve-muscle  preparation  of  the  laboratory.  We 
have  here  an  apparent  paradox;  the  muscle  can  respond  separately  to 
more  than  300  nerve  impulses  per  second,  but  when  played  on  by  the 
stream  of  impulses  coining  from  the  gan^on  cells  it  responds  with 
ft'equencies  which  may  be  evenly  graded  from  30  to  50  or  more  per 
second  according  to  its  own  temperature.    Sources  of  stimulation 

«  Piper:  Arch.  f.  Physiol.,  1910,  209;  Beritoff :  Loc.  cit.,  170. 

»  Stem:  PflOger's  Arch.,  1900,  bunrii,  39  (see  Beritoff:  Loc.  cit.,  171). 
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must  be  available  at  such  frequency  that  the  muscle  can  be  excited  at 
several  frequencies  between  30  and  50  per  second.  This  requires  the 
existence  of  such  sources  of  stimulation  at  a  frequency  probably  not 
less  than  300  or  400  a  second. 

We  are  confronted  here  by  the  uncertainty  as  to  whether  we  are 
dealing  with  propagated  disturbances  sweeping  over  the  muscle  "in  a 
volley,"  i.e.,  simultaneously  in  all  the  fibers,  or  whether  different  groups 
of  fibers  respond  in  alternation  or  rotation.**  In  the  latter  case  the 
rhythm  of  the  individual  fiber  would  be  much  slower  than  the  rhythm 
appearing  in  the  record.  Piper's  careful  analysis**  of  the  waves  in  his 
electromyograms,  based  on  a  study  of  artificially  induced  isolated 
waves,  leads  to  the  view  that  the  rhythm  appearing  in  the  major  oscil- 
lations is  the  actual  rhythm  of  response  in  the  individual  muscle  fiber. 
The  fact  that  the  frequency  does  not  change  with  increased  strength 
of  contraction  is  in  favor  of  this  view.  Inspection  of  a  typical  record 
suggests  that  where  the  curve  is  irregular  it  is  due  to  certain  fiber  groups 
getting  "out  of  step;*'  but  where  the  oscillations  are  large  and  smoothly 
rhythmical,  each  double  vibration  closely  resembling  in  size  and  lime 
relations  the  record  of  a  single  response  of  the  whole  muscle,**  it  is 
highly  probable  that  the  majority  at  least  of  the  fibers  are  responding 
in  imison.  If  this  is  so,  then  the  least  nmnber  of  nerve  impulses  in  a 
given  time  would  exceed  the  least  conmion  multiple  of  the  various 
possible  numbers  of  musciilar  responses  which  coiild,  by  changing  the 
temperature,  be  made  to  occiu*  in  the  same  time  with  perfectly  regular 
rhythm.  Individual  time  measurements  of  the  most  regular  oscil- 
lations in  our  records  have  been  examined  with  a  view  to  detecting 
any  grouping  which  would  on  this  basis  suggest  a  nerve  rhythm.  Al- 
though it  is  possible  to  find  practically  all  gradations  in  the  intervals, 
yet  with  one  subject  (experiment  6)  they  seemed  to  be  distinctly 
grouped  at  multiples  of  an  interval  which  would  indicate  a  nerve  im- 
pulse frequency  of  390  per  second;  with  the  other  subject  (experiment  7) 
a  less  distinct  grouping  was  found  such  as  would  indicate  a  nerve 
impulse  frequency  of  260  per  second.  The  intermediate  values,  espe- 
ally  in  the  latter  case,  are  sufficiently  numerous  to  render  a  higher 
frequency  than  the  last  mentioned  more  probable.  A  conservative 
estimate  would  probably  place  300  per  second  as  the  lower  limit  to  the 
frequency  of  voluntary  innervation.     If  this  be  the  case,  why  does  not 

»*  Cf.  Barbour  and  Stiles:  Amer.  Phys.  Education  Rev.,  Feb.,  1912. 

»  Piper:  PflUger's  Arch.,  1909,  cxxix,  150-168. 

••See  Piper:  Elektrophysiologie,  etc.,  97,  figs.  33  and  34. 
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the  muscle  respond  at  the  maximum  frequency  possible,  which  Beritoff 
has  found  to  be  250  per  second  in  frog's  muscle  and  is  probably  higher 
in  him[ian  muscle? 

The  answer  to  this  question  may  be  found  by  examining  the  prop- 
erties of  nerve  and  muscle  demonstrated  by  Lucas  and  Adrian.*^ 
In  the  first  place,  in  considering  the  nature  of  the  central  stimulus, 
while  we  agree  with  Buchanan^*  that  we  have  in  these  experiments  no 
proof  that  it  is  discontinuous,  we  have  good  evidence  from  other  sources 
that  it  IB  discontinuous  or  rhythmic  and  not  in  the  nature  of  a  steady 
flow  of  energy.  Garten'*  has  shown  that  stimulation  with  a  constant 
current  produces  rhythmic  electrical  responses  in  a  nerve.  Moreover, 
the  well  established  property  of  refractory  period  in  nerve  necessitates 
intermittent  response.  We  must,  then,  regard  the  central  stimulus 
as  a  series  of  separate  impulses  of  unknown  frequency;  and  our  evidence 
seems  to  show  that  this  cannot  be  less  than  300  to  400  a  second. 

It  is  also  well  established  that  the  refractory  period  in  nerve  and 
muscle  has  a  ''relative"  as  well  as  an  ''absolute"  stage.  Following 
the  period  in  which  no  stimiilus  will  excite  there  is  a  time  during  which 
the  threshold  falls  gradually  from  infinity  to  its  normal  value.*^  Dur- 
ing this  "relative  refractory  period"  of  lowered  excitabiUty  the  magni- 
tude of  response  is  also  subnormal.  This  has  been  shown  by  two  wholly 
distinct  criteria.  First,  Lucas*^  has  shown  that  in  nerve  the  action 
current  resulting  from  a  stimiilus  applied  during  this  time  is  smaller 
than  normal.  Second,  Lucas  and  Adrian"  have  both  shown  that  a 
nerve  impulse  evoked  during  the  relative  refractory  period  is  extin- 
gukhed  in  a  region  of  impaired  conductivity  through  which  a  fuU- 
aised  disturbance  would  pass.  The  recovery  of  excitabiUty  and  the 
recovery  of  the  magnitude  of  obtainable  response  proceed  together 
during  this  time.  Adrian**  has  also  shown  that  at  all  times  the  magni- 
tude of  response  in  the  conducting  imit  of  nerve  depends  only  on  the 
local  condition  of  the  tissue,  including  under  this  head  the  stage  of 
recovery  during  the  relative  refractory  period,  and  is  independent  of 
the  strength  of  stimulus. 

*'  See  references  on  p.  231,  footnote  14;  also  Lucas,  Proc.  Roy.  Soc,  1912, 
85B,  495;  and  Adrian:  Joum.  Physiol.,  1914,  xlvii,  460. 
"Bachanan:  Quart.  Joum.  Exper.  Physiol.,  1908,  i,  231. 
"Garten:  Loc.  cit.,  557. 

••Adrian  and  Lucas:  Joum.  Physiol.,  1912,  xliv,  114. 
"  Lucas:  Joum.  Physiol.,  1911,  xliii,  51  and  77. 
"Lucas:  Loc.  cit.,  74;  Adrian:  Joum.  Physiol.,  1913,  xlvi,  384. 
"Adrian:  Joum.  Physiol.,  1913,  xlvi,  412. 
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With  these  facts  in  mind  we  may  consider  the  question  why  the 
muscle  exhibits  in  voluntary  contraction  only  50  responses  per  second 
when  it  is  capable  of  300  responses  per  second  and  is  subjected  to  a 
still  larger  number  of  nerve  impulses.  The  properties  of  these  tissues 
just  mentioned  reveal  to  us  the  error  in  assmning  for  each  tissue  a 
''  specific  rhythm. "  For  if  a  tissue  be  subjected  to  a  continuous  stimulus, 
the  frequency  with  which  it  responds  will  depend  on  the  intensity  of  the 
stimulus,  for  on  this  will  depend  the  stage  of  recovery  from  one  re- 
sponse at  which  the  stimulus  will  become  adequate  and  produce  the 
next.  As  has  already  been  pointed  out  by  one  of  us**  this  variability 
of  rhythm  is  well  illustrated  in  the  familiar  class-room  experiment  on 
the  "stannius  heart,"  and  the  appUcation  of  the  principle  to  nerve 
has  b^n  well  stated  by  Adrian.** 

On  this  principle  let  us  analyse  the  course  of  events  in  the  neuro- 
muscular system.  Adrian  and  Lucas**  found  for  frog's  nerve  at  16**C. 
an  absolute  refractory  period  of  about  2<i-  and  a  total  refractory  period 
(including  the  "relative  stage")  of  about  12<r.  For  frog's  muscle*' 
(probably  at  a  similar  temperature)  they  found  an  absolute  refractory 
period  of  about  lOa  and  a  total  refractory  period  of  about  70(r.  They 
cite  Bazett**  as  having  shown  in  muscle  a  change  of  refractory  period 
in  a  ratio  of  about  1: 3  for  a  temperatiu-e  change  of  10°C.  If  the  times 
are  of  the  same  order  in  human  and  in  amphibian  tissues,  we  may  expect 
an  8-  or  10-fold  reduction  of  the  refractory  periods  given  above,  in 
human  tissues.  Thus  the  relative  refractory  period  for  nerve  would 
last  roughly  from  0.25<r  to  1.5<r  after  an  effective  stimiilus,  and  for 
muscle  from  about  1.2<r  to  10<r.  The  observations  of  Garten*'  on  the 
mammaUan  nerve  and  muscle  make  it  probable  that  these  figiu'es  are 
too  small.  For  the  purposes  of  oiu*  analysis  let  us  assume  that  the 
relative  refractory  period  in  human  nerve  begins  O.Scr  and  ends  7<r  after 
the  beginning  of  a  previous  response,  and  that  in  muscle  it  begins  So* 
and  ends  25<r  after  an  effective  stimulus. 

.  If  the  nerve  impulse  when  of  subnormal  magnitude  serves  as  a 
weaker  stimulus  to  the  muscle  fiber  than  it  does  when  of  normal  magni- 
tude, we  have  all  the  conditions  necessary  for  a  satisfactory  explanation 

**  Forbes  and  Gregg:  This  Journal,  1915,  xxxix,  231. 

"  Adrian:  Loc.  cit.,  385-386. 

*®  Adrian  and  Lucas:  Loc.  cit,,  114. 

»^  Loc.  cit.,  89. 

"  Bazett:  Joum.  Physiol.,  1908,  xxxvi,  426. 

"  Garten:  Loc.  cit.,  543-552. 
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of  the  facts.  Let  us  consider  the  stimulating  value  of  the  nerve  impulse 
to  the  muscle  as  represented  in  an  arbitrary  scale  of  units  in  which  we 
can  also  express  quantitatively  the  threshold  of  the  muscle.  We  can 
then  plot  a  curve  representing  the  magnitude  the  nerve  impulse  would 
have  if  evoked  at  each  instant  during  the  relative  refractory  period, 
i.e.,  during  the  recovery  of  the  nerve  to  normal;  and  the  magnitude 
will  be  expressed  in  terms  of  its  stimulating  value  to  the  muscle.  On 
the  same  system  of  coordinates  we  can  plot  a  second  curve  representing 
the  return  of  the  threshold  of  the  muscle  fiber  from  infinity  to  normal 
during  its  relative  refractory  period;  and  the  threshold  will  be  expressed 
in  terms  of  the  requisite  stimulating  value  of  the  nerve  impulse.    The 


12      8      4      5  10  15  90  25<r 

Fig.  5.  Abscissae,  time  in  0-  since  previous  adequate  stimulus.  Ordinates, 
stimulating  value  of  nerve  impulse  (curve  1),  threshold  of  muscle  (curve  2),  see 
text. 

ciu^e  of  nerve  recovery  will  have  in  a  general  way  the  shape  indicated 
in  curve  1,  figure  5;  the  curve  of  muscle  threshold  will  be  in  a  general 
way  like  curve  2. 

We  can  now  examine  the  course  of  events  when  the  muscle  is  made 
to  respond  300  times  a  second  to  as  many  induction  shocks  applied  to 
the  motor  nerve,  which  Beritofif  and  Piper  have  both  shown  is  possible. 
Each  stimulus  comes  3.Sa  after  its  predecessor  and  each  nerve  impulse 
after  the  first  will  have  the  magnitude  indicated  on  curve  1  at  this  point 
of  time.  If  the  muscle  has  responded  to  the  previous  stimulus  its 
threshold  will  have  at  this  instant  the  value  indicated  on  curve  2. 
If  the  value  indicated  by  curve  1  is  higher  at  this  instant  than  the 
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value  indicated  by  curve  2  the  muscle  will  be  again  excited.  In  the 
particular  case  represented  by  these  curves  it  is  clear  that  the  muscle 
will  be  excited  again  at  the  stated  time  3.3<i-  after  the  previous  stimulus. 
The  limit  of  frequency  with  which  the  muscle  can  respond  to  stimulation 
through  its  nerve  depends  on  the  time  at  which  the  curves  cross.  The 
validity  of  the  principle  invoked  does  not  depend  on  the  accuracy  of 
these  particular  curves  in  expressing  all  the  quantities.  The  procedure 
is  merely  a  method  of  schematically  representing  established  principles 
which  determine  the  maximum  frequency  of  response  in  a  muscle 
stimulated  through  its  nerve. 

The  next  step  is  to  trace  the  course  of  events  in  sustained  voluntary 
contraction  of  muscle.  Here,  if  our  reasoning  is  correct,  we  are  deal- 
ing with  nerve  impulses  of  a  higher  frequency  than  those  just  considered; 
each  impulse  occurs  earlier  in  the  relative  refractory  period  following  its 
predecessor  and  is  consequently  smaller  and  acts  as  a  weaker  stimulus 
to  the  muscle.  After  the  muscle  has  once  responded  its  threshold 
returns  to  normal  so  slowly  that  if  the  nerve  impulses  follow  each  other 
close  enough  several  may  pass  before  another  suflSces  to  excite  the 
muscle;  for  the  muscular  threshold  remains  above  the  stimulating  value 
of  the.weaker  impulses  throughout  a  larger  part  of  its  relative  refractory 
period  than  in  the  case  of  the  less  frequent  and  stronger  impulses.  In 
the  particular  case  illustrated  by  the  curves  it  is  only  necessary  to 
assimie  that  the  nerve  impulses  have  a  frequency  of  800  per  second  in 
order  that  we  may  have  all  the  conditions  for  a  50  per  second  rh3rthm 
in  the  muscle.  This  may  be  seen  by  reference  to  figure  5.  Everj'- 
nerve  impulse  following  its  predecessor  at  an  interval  of  1.25<i-  (i.e., 
1/800  sec.)  has  the  stimulating  value  required  to  excite  the  muscle  200* 
after  a  preceding,  response,  as  is  indicated  in  the  figure  by  the  horizontal 
dotted  line.  All  the  nerve  impulses  falling  in  the  earlier  part  of  the 
muscle's  refractory  period  are  ineffective. 

Again  we  must  note  that  the  validity  of  this  analysis  does  not  rest 
on  the  correctness  of  the  quantities  we  have  assumed.  The  rhythm  of 
800  per  second  happens  to  be  that  which,  according  to  the  curves  as  we 
have  drawn  them,  would  condition  a  muscle  rh)rthm  of  50  per  second. 
If  the  curves  of  recovery  for  nerve  and  muscle  could  be  accurately 
determined  and  plotted,  the  requisite  nerve  impulse  frequency  might 
prove  quite  different;  but  the  principle  would  apply  just  the  same. 

Thus  is  explained  how  a  higher  frequency  of  nerve  impulses  can 
cause  a  lower  frequency  of  muscle  responses.  The  application  of  this 
principle  has  been  experimentally  demonstrated  by  both  Beritoff  and 
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Buchanan.  Beritoff^®  found  that  whereas  the  muscle  kept  pace  with 
the  rhythm  of  nerve  stimiilation  up  to  250  per  second;  with  higher 
frequency  of  stimtdation  (300  per  second)  the  frequency  of  muscular 
response  fell  to  150  per  second,  and  in  portions  of  the  record,  to  100 
per  second.  Buchanan*^  found  that  stimulation  of  a  motor  nerve  or  of 
a  curarized  muscle  with  frequencies  of  1000  per  second  produced  in 
the  muscle  frequencies  of  response  between  50  and  100  per  second. 
When  the  frequency  of  stimuli  was  increased  above  1000  no  change 
occurred  in  the  resiilting  muscle  rhythm,  and  it  is  probable  that  these 
stimuli  were  virtually  continuous  even  to  the  nerve,  i.e.,  that  the  nerve 
was  unable  to  follow  the  rhythm  of  stimulation,  but  responded  in  a 
rhythm  dependent  on  its  own  refractory  period. 

We  are  now  in  a  position  to  reinforce  our  previous  argmnent  for  a 
high  frequency  of  nerve  impulses.  We  showed  experimentally  that 
the  muscular  rh)rthm  of  50  per  second  was  not  the  rhythm  of  the 
motor  nerve,  and  that  judging  from  the  frequencies  obtainable  in 
muscle,  the  nerve  rhythm  must  be  much  more  rapid  than  this,  probably 
not  less  than  300  per  second.  Now  in  the  light  of  oiu-  analysis  we  can 
state  that  the  nerve  frequency  cannot  be  less  than  300  per  second,  for 
if  it  were  the  muscle  would  be  able  to  follow  it;  and  this  it  obviously 
does  not. 

Another  fact  noted  by  Beritofif,^  harmonizing  with  the  view  here 
set  forth,  is  that  when  the  frequency  of  nerve  stimtdation  is  raised 
above  100  per  second  the  muscle  rhythm  fails  to  follow  regularly  unless 
the  stimuU  are  somewhat  above  threshold  value.  At  this  frequency 
he  was  already  encroaching  on  the  relative  refractory  period  of  the 
nerve,  which  under  like  conditions  Adrian  and  Lucas^  found  to  end 
about  12<r  after  the  previous  stimulus.  With  frequencies  between  200 
and  260  per  second  much  stronger  stimuli  were  needed  to  make  the 
muscle  follow  the  rhythm  imposed,  for  now  each  stimulus  found  the 
excitability  of  the  nerve  far  below  normal.  Buchanan**  reports  a 
similar  observation.  V.  Stem*^  also  found  on  ausculation  that  in  the 
rabbit  with  stimuli  of  more  than  the  critical  frequency  of  365  per  second 
the  tone  fell  to  an  octave  below  the  stimulation  pitch  if  the  stimuli 
were  strong,  but  with  weak  stimuli  it  fell  two  or  even  three  octaves. 

"  Loc.  cit.,  170,  fig.  26. 

**  Buchanan:  Joum.  Physiol.,  19Q1,  xxvii,  125. 

*«  Loc.  cit.,  166. 

«  Loc.  cit.,  114. 

**  Buchanan:  Quart.  Journ.  Exper.  Physiol.,  1908,  i,  236. 

*•  Loc.  cit. 
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One  important  conclusion  should  be  drawn  from  this  discussion, 
that  it  is  not  permissible  to  assimie  that  any  tissue  has  one  ^'specific 
rhythm"  peculiar  to  itself.**  The  rhythm  or  response  obtainable 
from  a  tissue  is  a  resultant  of  the  curve  of  recovering  excitabiUty  and 
the  strength  of  stimuli  employed.  In  the  case  of  muscle  excited  through 
its  nerve  we  have  two  refractory  periods  to  consider,  that  of  the  muscle 
itself  and  that  of  the  nerve,  and  also  the  lowered  stimulating  value  of 
the  impulse  traversing  the  nerve  during  its  relative  refractory  period. 
Thus  in  the  case  of  voluntary  contraction  we  cannot  say  that  the 
rhythm  of  muscular  response  is  wholly  of  peripheral  origin  because 
it  depends  on  peripheral  conditions,  for  it  depends  also  on  central  con-  * 
ditions  and  is  therefore  of  compound  origin,  a  resultant  of  several 
causes.  * 

Piper*^  in  support  of  his  view  that  the  rhythm  of  central  innervation 
is  50  per  second  has  presented  the  following  evidence.  Although  the 
muscular  rhythm  is  constant  when  the  strength  of  contraction  is 
changed,  yet  it  is  possible  to  reduce  the  frequency  of  recorded  waves 
to  one-half  "by  continuing  a  strong  voluntary  contraction  to  the  point 
of  complete  fatigue."  This,  he  argues,  is  to  be  explained  by  the  failure 
of  the  fatigued  central  nervous  system  to  send  out  the  usual  nxunber  of 
impulses.  This  interpretation  follows,  in  his  view,  from  the  fact  that 
the  individual  action  currents  recorded  still  show  their  normal  ampli- 
tude and  diuution,  therefore  the  muscle  is  not  fatigued  and  the  change 
must  be  associated  with  the  nerve  center. 

These  facts  are  quite  as  easily  explained  in  another  way  which  does 
not  conflict  with  the  evidence  pointing  to  a  higher  nerve  impulse  fre- 
quency. Lucas*®  has  shown  that  in  a  fatigued  nerve-muscle  prepara- 
tion the  resistance  to  the  passage  of  a  propagated  disturbance  increases 
at  the  netu'omuscular  junction.  The  result  of  this  in  the  case  of  volun- 
tary contraction,  maintained,  as  we  contend,  by  subnormal  nerve 
impulses  of  high  frequency,  would  be  to  cut  down  still  further  the  stimu- 
lating value  of  the  impulses  at  the  point  where  they  act  on  the  mtiscle 
fibers,  and  consequently  to  delay  imtil  nearer  the  end  of  their  relative 
refractory  period  the  time  at  which  they  would  respond.  Thus,  with- 
out change  in  the  nerve  impulse  frequency,  the  mere  raising  of  resist- 
ance in  the  neiu-omuscular  junction  would  slow  down  the  rhythm  of 
muscular  response. 

*''  See  Garten:  Loc.  cit.,  535. 

*'  Piper:  Arch.  f.  Physiol.,  1910,  214. 

♦•Lucas:  Journ.  Physiol.,  1911,  xliii,  76. 
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The  fact  shown  by  Piper  and  confinned  m  our  records  that  the 
rhythm  of  voluntary  muscular  response  in  absence  of  fatigue  is  inde- 
pendent of  the  strength  of  contraction  brings  up  an  interesting  ques- 
tion as  to  the  mechanism  of  gradation.  One  of  us**  in  a  previous  paper 
has  proposed  as  a  basis  of  sensory  gradation  the  rhythm  of  afferent 
impulses,  which  coiild  easily  be  conditioned  by  the  intensity  of  periph- 
eral stimulation  on  the  same  principle  of  relative  refractory  period 
which  we  have  just  been  considering.  That  a  similar  gradation  of 
muscular  contraction  can  depend  on  the  frequency  of  muscular  re- 
sponse seems  to  be  disproved  by  the  above  observations.  So  far  as 
we  can  see,  imless  we  reject  the  "all-or-none"  view  of  muscle  contrac- 
tion, so  well  supported  by  Lucas,*®  we  are  forced  to  the  view  that  in 
volimtary  contraction  gradation  must  be  conditioned  by  gradation  in 
the  number  of  muscle  fibers  in  action  at  a  given  moment,  the  doctrine 
of  fractional  activity,  as  Stiles*^  has  termed  it. 

It  would  be  interesting  to  form  an  estimate,  if  possible,  of  the  actual 
frequency  of  nerve  impulses  involved  in  voluntary  muscular  contrac- 
tions. We  have  furnished  evidence  which  indicates  that  it  is  probably 
not  less  than  300  or  400  per  second.  We  have  shown  that  from  the 
refractory  periods  measured  in  frog's  nerves  and  the  temperature 
coefficient  determined  for  them,  we  can  infer  that  the  absolute  refractory 
period  in  manmialian  nerves  at  their  normal  temperature  may  be  as 
short  as  0.20-,  which  would  make  possible  an  extreme  frequency  of  5000 
per  second.  Between  these  limits  we  have  Uttle  to  guide  us  in  esti- 
mating the  probable  frequency.  Garten,**  stimulating  mammaUan 
nerves  at  their  normal  temperature  with  a  constant  current,  obtained 
action  currents  showing  frequencies  between  300  and  500  per  second. 
These  values  do  not  necessarily  show  the  highest  possible  frequency, 
since  the  intensity  of  the  stimiilus  may  have  been  so  low  as  only  to 
excite  the  nerve  toward  the  end  of  its  relative  refractory  period. 

Whatever  the  frequency  of  impulses  in  the  motor  nerve  under 
natiu'al  conditions  of  central  discharge,  it  probably  bears  some  rela- 
tion to  the  refractory  period  of  the  nerve  fiber.  We  feel  that  this  con- 
sideration tends  in  a  way  to  support  the  general  conclusion  that  the 
nerve  impulse  frequency  is  much  higher  than  that  of  the  action  currents 

♦•  Forbes  and  Gregg:  This  Journal,  1915,  xxxix,  22^232. 

"  Lucas:  Joum.  Physiol.,  1905,  xxxiii,  125;  1909,  xxxviii,  113. 
.    **  Stiles:  Amer.  Phys.  Education  Rev.,  1910,  xv,  1;  Barbour  and  Stiles:  Loo. 
cit. 

**  Garten:  Loc.  cit.,  546  and  554. 


Digitized  by 


Google 


252  A.   FOBBES  AND   W.   C.   BAPPLBTE 

recorded  in  the  muscle.  Otherwise  the  wonderfully  short  refractory 
period  of  nerve  woiild  appear  a  meaningless  and  useless  property. 
That  a  nerve  fiber  can  recover  its  ability  to  respond  with  such  great 
rapidity  is  one  of  its  most  remarkable  properties  and  one  which  per- 
haps more  than  any  other  marks  its  high  development  in  the  evolution- 
ary process.  To  suppose,  then,  that  in  the  ordinary  performance  of 
its  fxmction  this  abiUty  should  be  wasted,  and  that  although  capable 
of  transmitting  several  hxmdred  impulses  per  second  the  nerve  fiber 
is  only  called  on  to  transmit  fifty,  impUes  a  lack  of  economy  quite  out 
of  keeping  with  the  usual  degree  of  adaptation  found  in  the  functions 
of  living  tissues.  It  might  be  argued  that' the  high  frequency  of  nerve 
impulses  is  wasted  if  the  muscle  only  responds  to  a  small  proportion 
of  these;  but  a  large  excess  of  available  impulses  may  serve  a  useful 
purpose  by  providing  in  some  way  a  greater  variability  in  the  timing 
and  coordination  of  muscular  response. 

In  a  previous  paper  one  of  us"  has  mentioned  reasons  for  suspecting 
that  the  central  elements  involved  in  reflexes  may  have  much  shorter 
refractory  periods  thap  even  the  nerve  fibers.  Should  this  prove  to 
be  a  general  and  essential  property  of  the  central  nervous  mechanism, 
it  might  be  that  the  activity  of  this  mechanism  whenever  involved  in 
the  causation  of  sustained  muscular  contraction  is  even  more  rapidly 
rhythmical  than  the  impulses  in  the  motor  nerve  fiber.  This  mechan- 
ism may  bear  the  same  relation  to  the  nerve  fiber  that  the  nerve  fiber 
does  to  the  muscle,  in  that  it  supplies  to  the  nerve  fiber  a  series  of  stimuli 
of  such  high  frequency  that  they  amount  to  a  continuous  stimulus  as 
far  as  the  nerve  fiber  is  concerned,  and  the  nerve  fiber  responds  with  a 
frequency  determined  by  its  own  relative  refractory  period.  But  this 
suggestion  is  too  highly  speculative  to  merit  more  than  passing  mention. 

The  " waves''  which  Buchanan"  has  found  in  her  records  of  strych- 
nine spasm  in  the  decerebrate  frog,  occurring  with  frequencies  between 
3  and  14  per  second,  and  which  she  showed  to  be  associated  with  the 
condition  of  the  nerve  centers,  obviously  cannot  be  regarded  as  indi- 
cating the  frequency  of  individual  nerve  impulses.  Such  slow  rhythms 
as  these  should  be  classed,  together  with  other  slow  rhythms  such  as 
are  seen  in  clonus,  the  scratch  reflex  and  others  noted  myographically,** 

**  Forbes  and  Gregg:  Loc.  cit.,  221. 

**  Buchanan:  Journ.  Physiol,  1901,  xxvii,  Plates  vii,  viii  and  ix;  also  Quart. 
Journ.  Exper.  Physiol.,  1908,  i,  215,  etc. 

**  See  Sherrington:  Quart.  Journ.  Exper.  Physiol.,  1913,  vi,  284;  Proc.  Roy'. 
Soc,  1913,  86B,  233;  Graham  Brown:  Proc.  Roy.  Soc,  1912,  85B,  278;  Forbes: 
Proc.  Roy.  Soc,  1912,  85B,  289. 
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as  group  rhythms.  Each  beat  in  such  a  rhythm  must  represent  a 
large  group  or  series  of  nerve  impulses  discharged  from  the  center 
at  a  far  higher  frequency,  and  followed  by  a  lull  or  cessation  of  activ- 
ity. Many  such  rhythmic  tendencies  are  evident  in  the  functioning  of 
nerve  centers,  but  their  essential  nature  has  yet  to  be  explained. 

One  striking  feature  of  our  records,  which  has  already  been  men- 
tioned, is  the  increased  amplitude  in  the  galvanometer  excursions  on 
cooling  the  muscle,  and  their  decreased  amplitude  on  heating.  This 
is  in  part  due  to  the  lag  of  the  string,  which  being  of  platiniun  has 
considerable  inertia.  This  lag  or  failure  of  the  string  to  follow  electro- 
motive changes  with  precision,  distorts  the  curve  more  in  the  case  of 
rapid  oscillations  than  in  the  case  of  slow  ones.  The  result  is  a  slight 
apparent  decrease  in  magnitude  as  the  oscillations  become  more  rapid. 
But  the  change  in  action  current  frequency  is  so  small  and  the  change 
in  amplitude  of  the  excursions  so  great  that  we  feel  little  doubt  that 
there  is  a  true  increase  in  the  strength  of  individual  action  currents 
when  the  muscle  is  cooled. 

In  accordance  with  our  interpretation  of  the  phenomena  such,  an 
increase  in  the  magnitude  of  individual  responses  might  be  explained 
in  one  of  two  ways.  One  explanation  depends  on  the  conceivable 
separability  of  excitability  and  magnitude  of  electric^  response  in  the 
process  of  recovery  from  the  refractory  period.  If  in  a  cool  muscle 
the  excitability  is  longer  delayed  in. its  retiun  to  normal  than  is  the 
possible  magnitude  of  action  current  resulting  from  an  adequate 
second  stimulus,  then  the  action  currents,  imder  such  conditions  of 
nerve  stimulation  as  we  have  pictiu^,  will  be  increased  in  magnitude. 
For  the  stimuU  delivered  by  the  nerve  will  not  be  effective  on  account 
of  the  lowered  excitabiUty,  xmtil  a  stage  of  recovery  at  which  the  magni- 
tude of  response  will  siupass  that  found  at  the  higher  temperature. 

Such  an  explanation  is  most  unlikely  since  Adrian^  has  shown  that 
in  the  case  of  nerve  the  possible  magnitude  of  disturbance,  as  judged 
by  the  functional  criterion  of  its  abiUty  to  pass  through  a  region  in 
which  it  imdergoes  a  decrement,  recovers  simultaneously  with  excit- 
abiUty, after  the  passage  of  a  previous  disturbance.  That  the  action 
current  is  a  true  measure  of  the  fimctional  magnitude  of  a  propagated 
disturbance  is  not  proved,  but  all  evidence  points  strongly  to  that  view.*^ 
Again,  Adrian  proved  his  point  for  nerve  and  not  for  muscle,  but  for 
muscle  to  differ  from  nerve  in  the  separabiUty  of  excitability  from 

»•  Adrian:  Joum.  Physiol.,  1916, 1,  345. 

*'  Forbes,  Mcintosh  and  Sefton:  This  Journal,  1916,  xl,  503. 
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magnitude  of  response  in  the  recovery  process  woiild  imply  a  funda- 
mental difference  between  the  tissues  with  respect  to  a  property  in 
which  all  evidence  points  to  their  essential  similarity.*^ 

Another  explanation  which  invokes  no  such  improbable  property 
in  muscle  as  the  separation  of  excitability  and  magnitude  of  response 
in  the  recovery  process,  depends  on  the  cooling  of  the  distal  portions 
of  the  nerve  fibers  which  innervate  the  cooled  muscle.  Impulses  tra- 
versing these  fibers  in  their  relative  refractory  period  are  subnormal, 
and  on  passing  from  a  warm  to  a  cool  portion  of  the  nerve  they  enter 
a  region  where  the  refractory  period  is  prolonged,  and  are  still  further 
reduced  in  magnituds.  From  this  it  follows  that  they  will  not  excite 
the  muscle  till  still  later  in  its  relative  refractory  period  than  would 
be  the  case  if  the  nerve  fibers  were  warm  throughout  their  course. 
The  muscle  excited  later  in  its  recovery  stage,  will  yield  a  larger  response. 
Thus  may  readily  be  explained  the  increased  magnitude  of  action 
currents  in  the  cooled  muscle  without  the  need  of  any  improbable 
assimiption. 

SUMMARY 

1.  By  local  immersion  in  cold  water  it  is  possible  to  reduce  the 
frequency  of  the  rhythmic  action  currents  in  the  muscles  of  the  hand 
or  forearm  during  voluntary  contraction,  while  the  body  temperature, 
recorded  by  mouth,  remains  constant.  Immersion  in  hot  water  makes 
the  rhythm  more  rapid,  but  the  change  is  less  marked  than  in  the  case 
of  cold  water,  as  is  to  be  expected  from  the  fact  that  a  bigger  change  of 
temperattu'e  is  possible  below  than  above  normal. 

2.  This  evidence  shows  that  the  rhythm  observed  in  muscle  response 
(tisually  about  50  per  second)  is  not  the  rhythm  of  motor  nerve  impiilses, 
but  is  dependent,  as  Buchanan  maintains,  on  the  condition  of  the  muscle. 

3.  A  careful  study  of  the  possible  gradations  of  muscular  rhythm, 
together  with  a  consideration  of  other  known  facts  concerning  the 
refractory  period  in  nerve,  leads  to  the  conclusion  that  the  actual 
frequency  of  motor  nerve  impulses  involved  in  evoking  volimtary  con- 
traction must  he  somewhere  between  300  and  5000  per  second. 

4.  Previous  objections  to  the  view  that  the  nerve  impulse  frequency 
is  higher  than  that  appearing  in  the  muscular  response  are  answered 
by  an  analysis  of  the  relation  between  the  "relative  refractory  periods" 
of  nerve  and  muscle. 

"5ee  Lucaa:  Proc.  Roy.  Soc,  1912,  85B,  495. 
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5.  We  have  confirmed  Piper's  observation  that  the  action  current 
rhythm  in  muscle  is  independent  of  strength  of  contraction. 

6.  Besides  the  decrease  in  frequency  following  a  fall  of  temperature 
there  is  an  increase  in  amplitude  of  galvanometric  excursions,  denoting 
an  increase  in  the  strength  of  the  individual  action  currents.  This 
can  most  easily  be  explained  as  a  result  of  the  cooling  of  the  distal 
portions  of  the  nerve  fibers,  the  explanation  depending  on  the  various 
factors  involved  in  the  relative  refractory  periods  of  the  nerve  and 
muscle  fibers. 
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When  it  was  shown  that  the  bile  pigment  secretion  in  the  dog  can 
be  influenced  at  will  by  changes  in  diet,  it  became  imperative  to  try 
various  substances  rich  in  the  pyrrol  nucleus.  This  paper  deals  with 
the  influence  of  blood  feeding  on  the  bile  pigment  elimination  in  the 
dog. 

In  earlier  publications  we  have  shown  that  carbohydrates  tend  to 
increase  considerably  the  secretion  of  bile  pigments  in  dogs  with  bHe 
fistulae  (1).  On  a  strict  meat  diet  the  bile  pigment  curve  is  at  its 
lowest  level,  but  with  a  sharp  transition  to  a  diet  rich  in  carbohydrates, 
a  rise  of  60  to  100  per  cent  in  bile  pigment  output  may  be  noted.  We 
believe  sufficient  experimental  data  are  at  hand  to  prove  this  point 
beyond  a  doubt,  but  the  explanation  of  this  peculiar  and  important 
reaction  is  not  clear.  We  hope  to  report  experiments  in  the  near 
future  which  will  throw  some  light  on  this  important  point. 

It  is  very  tempting  to  assume  that  the  Uver  can  construct  certain 
pigments  regardless  of  more  or  less  blood  destruction  or  that  it  can 
assemble  more  or  less  completely  some  parent  pigment  complex  which 
may  be  used  for  one  purpose  or  another  as  needed  in  the  body  economy. 
This  is  a  stimulating  possibility  to  be  kept  in  mind,  and  is  responsible 
for  much  of  this  work  to  be  reported.  Whether  this  hypothesis  can 
be  established  beyond  a  reasonable  doubt  remains  to  be  seen. 

Our  first  paper  (2)  reviewed  the  work  of  other  investigators  in  this 
field,  and  pointed  out  some  of  the  many  difficulties  met  with  in  work 
with  these  bile  fistula  dogs.  It  was  shown  that  imder  very  uniform 
conditions  of  health  and  routine  collection  the  output  of  bile  pigments 
becomes  quite  constant  for  days,  weeks  and  months.  The  mean 
output  per  six  hour  period  is  1  mgm.  per  poimd  body  weight,  or  very 
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slightly  below  this.  There  are  hourly  and  at  times  daily  variations 
which  can  not  be  explained  in  the  light  of  our  present  knowledge. 
For  this  reason  experiments  must  be  repeated  time  and  again  with 
extremely  careful  control  observations.  This  point  cannot  be  too 
strongly  emphasized,  as  has  been  done  by  Stadelmann  (3). 

The  various  experimental  procedures  employed  in  this  work  have 
been  carefully  described  by  us  in  earlier  papers  (2),  and  will  not  be 
reviewed  here.  A  new  method  which  is  rapid,  simple  and  accurate 
for  the  quantitative  estimation  of  bile  pigments  in  whole  bile  was 
described  in  detail.  There  are  no  departures  from  these  published 
methods,  unless  note  is  made  to  that  effect.  It  will  be  noted  that 
several  of  the  bile  fistula  dogs  are  marked  with  a  splenectomy.  There 
are  many  interesting  points  to  come  up  for  presentation  in  another 
paper  dealing  with  splenectomy  and  bile  fistulae,  but  in  these  feeding 
experiments  the  absence  of  the  spleen  has  no  effect. 

TABLE  A 

Fresh  sheep  blood  feeding  and  bile  pigment  secretion 

Dog  15-22.    Simple  bile  fistula 


BILB 

RKMABU 

Amount  in  eubie  oentimeten 

Bile  pigments  in  milligrams 

DATS 

5 

J 

1^ 

i 

1 

^^ 

1 

i 

J 

1 

5^ 

Mixed  diet 

2 

3 

2 

2 

o<D 

2 

s 

s 

2 

r 

lb9. 

1916 

March  15 

35 

27 

30 

92 

13.3 

8.2 

10.7 

32.2 

31.0 

March  16 

32 

33* 

23 

27 

83 

11.6 

13.4* 

9.4 

10.3 

33.1 

31.5 

300  cc.  sheep  blood 

March  17 

33 

32 

27 

92 

12.0 

10.8 

9.1 

31.9 

30.8 

March  18 

52 

32.8 

31.5 

March  20 

25 

24 

31 

80 

8.9 

9.6 

10.4 

28.9 

31.5 

Hemoglobin  116  per 
cent 

Dog  15-27.    Bile  fistula  and  splenectomy 


March   7 

18 

23 

23 

64 

8.4 

9.4 

7.9 

25.7 

25.5 

Hemoglobin  82  per 
cent 

March  8 

17 

17 

22 

56 

6.5 

7.6 

8.4 

22.5 

26.0 

March   9 

19 

26* 

24 

19 

69 

7.7 

8.2* 

8.1 

6.8 

23.1 

26.0 

500  cc.  sheep  blood 

March  10 

9 

17 

24 

50 

7.3 

7.6 

7.6 

22.5 

26.3 

March  11 

42 

20.8 

26.5 

*Fredi  sheep  blood  given  through  stomach  tube  at  the  beginning  of  the  third  hour. 
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TABLES 

Fresh  pig  blood  feeding  and  bile  pigment  secretion 

Dog  15-22.    Simple  bile  fistula 


BILK 

BBMJiRKB 

Amount  in  cubic  centimeter* 

Bile  pigments  in  millicrama 

DATE 

i 

i 

1 

J 

J 

H^ 

e 

i 

& 

-4 

Mixed  diet 

M 

2 

2 

2 

^'^ 

2 

s 

2 

2 

o« 

1916 

lb$. 

March  24 

33 

35 

21 

89 

12.0 

11.0 

6.2 

29.2 

31.5 

March  25 

94 

28.8 

32.0 

Hemoglobin  119  per 
cent 

March  27 

22 

26 

25 

73 

10.4 

11.6 

8.5 

30.5 

31.5 

March  28 

34 

26* 

26 

25 

77 

10.0 

7.6* 

10.5 

9.0 

27.1 

31.5 

350  cc.  pig  blood 

March  29 

26 

29 

29 

84 

7.6 

10.4 

9.1 

27.1 

32.3 

Stool  contains  stereo- 
bilin 

Dog  16-10. 

Bile  fistula  and  splenectomy 

March  24 

29 

36 

21 

86 

12.4 

15.8 

10.9 

39.1 

32.0 

Stools  contain  sterco- 
bilin 

March  25 

56 

37.6 

31.5 

March  27 

17 

17 

28 

62 

13.0 

8.8 

15.2 

37.0 

31.0 

Hemoglobin  97  per 
cent 

March  28 

20 

21* 

26 

28 

75 

14.1 

12.2* 

13.1 

14.0 

39.3 

31.5 

350  cc.  pig  blood 

March  29 

22 

31 

23 

76 

13.8 

13.6 

14.6 

42.0 

32.0 

Stools  contain  no  ster- 
cobilin 

*  Fresh  pig's  blood  given  through  a  stomach  tube  at  the  beginning  of  the  third 
hour. 

TABLE C 

Fresh  ox  blood  feeding  and  bile  pigment  secretion 

Dog  15-22.    Simple  bile  fistula 


BILK 

Amount  in  cubic  centimeters 

Bile  pigments  in  milligrams 

DATK 

2 

1 

1 

^2 

-J 

lifizeddiet 

cs 

5 

2 

2 

1- 

c« 

I 

2 

S 

o« 

H 

1916 

ttw. 

March    8 

25 

28 

28 

81 

8.5 

8.8 

10  0 

27.3 

30.8 

Hemoglobin  112  per 
cent 

March    9 

28 

37* 

21 

28 

86 

9.4 

9.7* 

6.9 

10.0 

26.6 

31.5 

400  cc.  ox  blood 

March  10 

24 

25 

25 

74 

9.8 

9.0 

8.5 

27.3 

31.3 

March  11 

64 

26.4 

31.5 

March  13 

20 

25 

19 

64 

9.9 

10.8 

7.6 

28.3 

31.3 

Hemoglobin  114  per 
cent 

Dog  16-41.    Bile  fistula  and  splenectomy 


March  10 
March  11 
March  13 

March  14 
March  15 


13 

15 

30 

58 
58 

10.2 

7.7 

12.8 

30.7 
32.8 

37.0 
37.3 

17 

27 

31 

75 

9.2 

10.3 

9.8 

29.3 

37.0 

34 

27* 

40 

46 

113 

11.5 

10.3* 

9.2 

9.6 

29.1 

37.3 

48 

36 

27 

111 

10.5 

11.2 

11.5 

33.2 

37.8 

Hemoglobin    81    per 

cent 
500  cc.  ox  blood 


*  Fresh  ox  blood  given  through  stomach  tube  at  the  beginning  of  the  third  hour. 
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TABLED 
Fresh  dog  blood  feeding  and  bile  pigment  secretion 
Dog  16-10.    Bile  fistula  and  splenectomy 


BXLB 

»ffMA»»# 

Anumnt  in  eubie  oentiin«terk 

Bile  iHcnMnte  in  milli|^t%in« 

DATS 

s 

s 

1 

2 

1 

2 

2 

1 

2 

1^ 

e 

J 

1 

s 

1 

2 

S 

1- 

Mixed  diet 

1916 

tbt. 

March    7 

21 

27 

24 

72 

11.3 

12.2 

9.2 

32.7 

31.3 

Hemoglobin  90  per 
cent 

March    8 

25 

22 

22 

69 

10.8 

10.4 

10.9 

32.1 

31.8 

March    9 

21 

17* 

18 

20 

55 

16.5 

13.0* 

13.8 

13.6 

40.4 

32.0 

500  cc.  dog  blood 

March  10 

23 

21 

25 

69 

14.0 

13.4 

13.5 

40.9 

31.8 

March  11 

46 

36.2 

31.8 

Feb.     28 

13 

23 

23 

59 

10.2 

10.4 

10.4 

31.0 

31.0 

Hemoglobin  88  per 
cent 

Feb.      29 

21 

19* 

19 

21 

59 

13.4 

11.5* 

10.8 

9.4 

31.7 

30.5 

200  cc.  dog  blood 

March    1 

23 

19 

20 

62 

15.8 

12.8 

13.6 

42.2 

30.5 

March    2 

18 

22 

24 

64 

4,5 

15.2 

14.0 

33.7 

31.0 

March    3 

23 

£5 

22 

70 

15.8 

14.6 

15.4 

45.8 

31.8 

*  Fresh  defibrinated  dog  blood  given  through  stomach  tube  at  the  beginning  of  the 
third  hour. 

TABLE  E 

Hemoglobin  feeding  and  bile  pigment  secretion 

Dog  16-1(H.    Simple  bile  fistula 


BnjB 

»»M4«0 

Amount  in  cubic  centimeters 

Bile  pif  ments  in  miUicrams 

DATS 

s 

i 

i 

J 

J 

1^ 

J 

1 

1 

3^ 

Mixed  diet 

« 

^ 

« 

00 

n« 

o» 

^ 

<e 

00 

o« 

3 

^^ 

^ 

^ 

t^ 

f 

— 

f^ 

^ 

rt 

H 

^ 

1916 

lb*. 

March  1 

25 

19 

19 

63 

10.2   8.9 

8.9; 

28.0 

33.0 

March  2 

24 

23* 

29 

27 

79 

11.310.3* 

11.710.3 

32.3 

32.8 

150  CC.  laked  red  celb 

March  3 

23 

23 

18 

64 

8.2 

10.9 

8.1 

27.2 

32.8 

March  4 

82 

29.4 

33.0 

*  150  cc.  washed  dog's  red  blood  cells  laked  with  equal  quantity  of  distilled  water 
given  through  stomach  tube  at  the  beginning  of  the  third  hour. 
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TABLE  F 

Cooked  pig  blood  feeding  and  bile  pigment  secretion 

Dog  15-22.    Simple  bile  fistula 


BZLX 

Amount  in  cubic  centimeters 

Bile  pigmentff  in  miliisnune 

DATS 

1 

J 

1 

1 

1 

1 

1 

S 

M 

i^ 

Mind  diet 

Cjl 

I 

2 

I 

: 

1916 

U>9. 

March  29 

26 

29 

29 

84 

7.6 

10.4 

9.1 

27.1 

32.3 

March  30 

35 

34* 

34 

28 

96 

10.2 

9.2* 

10.0 

8.2 

27.4 

32.5 

200  cc.  cooked  blood 

March  31 

25 

36 

31 

92 

9.0 

12.0 

9.1 

30.1 

32.5 

April      1 

48 

25.8 

32.8 

April      3 

22 

21 

31 

74 

10.4 

11.5 

10.4 

32.3 

32.0 

Hemoglobin    116  per 
cent 

Dog  16-41. 

Bile  fistula  and  splenectomy 

March  24 

35 

55 

25 

115 

11.0 

14.1 

7.3 

32.4 

37.3 

March  25 

94 

33.2 

36.8 

March  27 

36 

30 

28 

94 

14.4 

13.6 

10.6 

38.6 

37.0 

Hemoglobin  93  per 
cent 

March  28 

19 

18* 

30 

26 

74 

14.4 

14.4* 

12.8 

11.6 

38.8 

36.8 

350  cc.  cooked  blood 

March  29 

29 

35 

38 

102 

9.2 

11.0 

10.3 

30.5 

37.3 

*  Cooked  pig's  blood  given  through  stomach  tube  at  the  beginning  of  the  third 
hour. 

TABLE  G 

Digested  ox  red  cell  feeding  and  bile  pigment  secretion 
Dog  16-10.    Bile  fistula  and  splenectomy 


BILK 

mmuAMwoB 

Bile  pigments  in  miUicnms 

DATS 

1 

1 

1 

i 

1 

1^ 

i 

1 

1 

1 

1^ 

lllzeddiet 

M 

: 

: 

2 

h 

2 

2 

r 

i 

lb9. 

1916 

March  29 

22 

31 

23 

76 

13.8 

13.6 

14.6 

42.0 

32.0 

March  30 

19 

21* 

27 

29 

77 

14.6 

14.4* 

14.6 

12.4 

41.4 

32.5 

March  31 

19 

23 

25 

67 

11.0 

12.9 

12.4 

36.3 

32.3 

April      1 

48 

37.8 

32.3 

April      3 

19 

20 

28 

67 

14.1 

11.6 

15.8 

41.5 

30.8 

Hemoglobin  102  per 
cent 

*  100  cc.  digested  ox  red  blcod  cells  given  through  stomach  tube  at  the  beginniog 
of  the  third  hour.    Blood  cells  digested  at  38°C.  with  pancreatin. 
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TABLE  H 

Digested  ox  blood  feeding  and  bile  pigment  secretion 

Dog  16-41.    Bile  fistula  and  splenectomy 


BILB 

BBMABn 

Amooiit  in  eubio  oentimeCen 

Bile  pigmenta  in  millignuns 

OATS 

1 

1 

i 

1 

% 

f- 

J 

1 

i 

e 

nl 

Mind  diet 

n 

1 

I 

2 

2 

1 

2 

2 

h 

S 

i9te 

lb: 

March  18 

46 

32.2 

38.0 

March  20 

38 

32 

35 

105 

12.0 

10.8 

10.2 

33.0 

37.0 

Hemoglobin  94  per 
cent 

March  21 

20 

37* 

37 

40 

114 

10.8 

11.3* 

7.3 

7.2 

25.8 

37.3 

100  cc.  digested  blood 

March  22 

46 

33 

40 

119 

10.4 

9.7 

9.0 

29.1 

38.0 

March  29 

29 

35 

38 

102 

9.2 

11.0 

10.3 

30.5 

37.3 

March  30 

28 

26* 

40 

37 

102 

10.6 

9.0* 

11.6 

9.7 

30.3 

37.0 

150  cc.  digested  blood 

March  31 

21 

24 

28 

73 

8.4 

9.2 

9.4 

27.0 

37.3 

Apni      1 

46 

31.6 

37.3 

April      3 

41 

22 

28 

91 

12.2 

8.9 

8.8 

29.9 

36.3 

Hemoglobin  99  per 
cent 

*  Digested  whole  ox  blood  g^ven  by  stomach  tube  at  the  beginning  of  the  third 
hour.    The  blood  was  digested  for  weeks  with  pancreatin  at  38^*0. 

EXPEBDfENTAL  OBSERVATIONS 

The  dogs  used  in  these  experimeats  had  been  under  obeervation 
following  a  uniform  routine  for  months  and  some  for  over  a  year. 
They  were  all  in  good  condition  with  constant  body  weight,  normal 
blood  and  uniform  bile  pigment  secretion.  Unless  otherwise  noted, 
these  dogs  showed  only  a  trace  of  bile  pigment  in  the  urine,  no  sterco- 
bilin  in  the  feces  and  no  urobilin  in  the  urine.  Under  such  conditions 
a  small  variation  in  bile  pigment  output  is  worth  careful  consideration, 
provided  the  observation  is  constant  in  repeated  experiments. 

It  may  seem  that  repeated  experiments  with  blood  of  different 
animals  are  not  called  for.  It  should  be  noted  in  other  papers  to 
follow  that  bile  from  different  animals  may  have  a  constant  efifect  on 
total  bile  secretion  in  the  dog  when  given  by  mouth,  but  that  bile  of 
ODe  animal  may  stimulate  and  bile  of  another  animal  may  inhibit  the 
bile  pigment  secretion.  For  this  reason  we  report  the  observation  on 
blood  feeding  in  the  dog,  using  blood  from  different  animals. 
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DISCUSSION 

The  tables  given  above  speak  for  themselves,  and  the  results  are 
quite  uniform.  Many  more  experiments  have  been  done  with  this 
same  material,  and  the  results  are  identical.  These  other  tables  are 
not  given  for  lack  of  space,  but  we  feel  that  a  sufficient  number  of 
experiments  have  been  performed  to  make  the  point  quite  certain,  and 
only  a  few  type  experiments  are  here  recorded. 

Blood  feeding  has  no  influence  on  the  secretion  of  bile  pigment  in  the 
normal  dog.  Whole  blood  of  the  sheep,  pig  or  ox  freshly  defibrinated 
given  to  the  dog  by  stomach  tube  does  not  influence  the  output  of  bile 
pigments  nor  the  volume  of  bile.  Freshly  laked  dog  red  cells  given  by 
stomach  tube  likewise  have  no  effect  on  bile  secretion.  Cooked  pig 
blood  and  digested  ox  blood  have  not  the  slightest  influence  on  the  out- 
put of  bile  pigments.  There  is  no  immediate  effect  nor  any  delayed 
influence  on  the  bile  secretion. 

This  diet  is  very  rich  in  the  pyrrol  nucleus,  perhaps  contains  it  in  as 
concentrated  form  as  it  occurs  in  normal  body  tissues  or  fluids.  It 
seems  safe  to  assume  that  during  the  period  of  observation  a  certain 
amount  of  this  material  was  digested,  and  its  constituent  parts  taken 
in  through  the  intestinal  mucosa.  We  propose  to  show  that  other 
substances  in  the  diet  besides  carbohydrates  will  cause  a  rise  in  bile 
pigment  output,  but  hemoglobin  is  not  one  of  this  group.  It  may 
be  possible  in  the  near  future  to  indicate  from  what  '*  building  stones" 
the  body  constructs  its  various  pigments  which  are  so  closely  related. 
Perhaps  the  story  may  yet  be  written  of  how  certain  substances  may 
be  used  when  needed  in  pigment  building  or  put  aside  in  reserve  as 
certain  by-products  or  eliminated  from  the  body  in  the  form  of  one 
or  another  pigment. 

CONCLUSION 

The  flow  of  bile  and  the  secretion  of  bile  pigments  in  the  dog  are  not 
influenced  by  the  ingestion  of  fresh  blood  of  the  dog,  sheep,  pig  or  ox. 

Freshly  laked  red  cells  by  mouth  likewise  have  no  effect. 

Cooked  pig  blood  or  digested  ox  blood  given  by  stomach  have  no 
influence  on  the  secretion  of  bile  pigments. 

These  negative  findings  are  of  some  importance  in  view  of  the  fact 
that  carbohydrates  by  mouth  cause  an  increased  secretion  of  bile 
pigments  in  dogs. 
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Splenectomy  causes  many  interesting  reactions  in  bile  fistula  dogs, 
but  it  does  not  influence  the  output  of  bile  pigments  under  normal 
conditions.  Splenectomy  has  no  effect  upon  these  blood  feeding 
experiments. 
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January  issue  (Vol.  XLII,  part  2,  1916-1917).  As  these  copies  cannot 
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BILE  PIGMENT  METABOLISM 

IV.  Influence  of  Fresh  Bile  Feeding  upon  Whole  Bile   and 
Bile  Pigment  Secretion 

C.  W.  HOOPER  AND  G.  H.  WHIPPLE 

From  The  George  Williams  Hooper  Foundation  for  Medical  Reaearch,  University 
of  California  Medical  School,  San  Francisco 

Received  for  publication  October  30,  1916 

This  paper  presents  the  experimental  data  resulting  from  feeding 
fresh  bile  from  various  animals  to  dogs  with  bile  fistulae.  Bile  feed- 
ing causes  a  very  definite  increase  in  bile  flow  from  the  fistula,  as  is 
well  known,  but  also,  with  few  exceptions,  it  causes  a  definite  diminu- 
tion of  the  outflow  of  bile  pigments  in  spite  of  active  cholagogue  action, 
which  might  be  expected  to  sweep  an  excess  of  bile  pigments  out  of 
the  liver.  This  sweeping  out  of  an  excess  of  bile  pigments  during 
cholagogue  action  is  exactly  what  we  might  expect,  provided  the  liver 
had  simply  an  eliminative  function  in  disposing  of  worn  out  corpuscles 
and  hemoglobin  by  way  of  the  bile.  In  the  following  paper  the  various 
constituents  of  bile  are  tested  on  bile  fistula  dogs,  and  the  striking 
effects  are  analysed. 

That  bile  feeding  has  a  definite  and  striking  effect  on  the  bile  pigment 
secretion  is  established,  and  is  of  considerable  importance  in  under- 
standing this  obscure  story  of  pigment  metabolism.  Can  we  assume 
that  bile  feeding  causes  a  decrease  in  the  continuous  disintegration  of 
red  cells  which  we  are  told  is  going  on  with  such  rapidity  in  the  body, 
and  is  solely  responsible  for  the  outpouring  of  bile  pigment?  There 
may  be  a  reasonable  doubt  on  this  point.  It  is  to  be  recalled  that 
most  of  the  evidence  concerning  the  short  life  cycle  of  the  red  cell  is 
based  on  end  product  determinations.  If  there  is  a  suspicion  that 
other  substances  than  hemoglobin  may  be  formed  into  these  same  end 
products  or  that  some  of  the  used  up  hemoglobin  may  not  be  formed 
into  this  same  end  product,  we  may  also  question  the  life  cycle  of  the 
red  cell  as  determined  in  this  manner.  At  least  we  may  say  that  there 
is  a  possibility  of  error,  and  assume  that  the  life  of  a  red  cell  mny  l)e 
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nonnaUy  more  than  ten  to  fourteen  days.    This  important  point  will 
be  taken  up  in  later  communications. 

It  is  proper  at  this  point  to  take  up  the  question  of  ''bile  circulation" 
as  applied  to  the  bile  pigments.  Wertheimer  (1)  injected  sheep's 
bile  into  dogs'  portal  veins,  and  showed  that  cholohematin  appeared 
promptly  in  the  dog's  bile,  and  could  be  recognized  by  its  characteristic 
spectrum.  Curiously  enough  many  writers  quote  this  work  as  evidence 
that  the  bile  is  absorbed  from  the  intestine,  and  that  there  is  a  circula- 
tion of  bile  pigments  as  well  as  bile  salts.  Stadelmann  (2)  leaves  the 
question  open,  and  says  that  very  small  amoimts  of  bile  pigment  may 
be  absorbed  from  the  intestine.  All  our  experiments  give  not  the 
slightest  evidence  of-  any  bile  pigment  absorption  from  the  intestine, 
and  the  evidence  seems  sufficient  to  rule  out  any  such  possibility  in 
dogs.  We  feel  safe  in  claiming  that  there  is  no  ''bile  circulation"  of 
the  bile  pigments  as  such. 

Another  type  of  pigment  circulation  has  been  suggested  by  Addis  (3), 
and  has'  a  strong  appeal  because  of  its  very  simplicity  and  directness. 
He  suggests  that  the  following  outline  may  cover  much  of  the  life 
history  of  hemoglobin  pigment.  Hemoglobin  is  constantly  liberated 
in  the  body  from  the  disintegration  of  worn  out  red  cells.  This  hemo- 
globin is  changed  in  the  liver  to  bile  pigments,  and  excreted  into  the 
intestine.  The  bile  pigment  is  reduced  to  urobilinogen  in  the  intestine, 
a  part  escaping  in  the  feces,  and  an  important  part  being  absorbed  into 
the  blood,  polymerized  into  urobilin-complex,  and  taken  up  by  the 
liver.  This  portion  is  stored  in  the  liver  or  synthesized  into  hemo- 
globin, or,  if  the  liver  is  abnormal,  may  escape  into  the  blood  and 
appear  in  the  urine  as  urobiUnogen.  This  hypothesis  in  a  word  is  " bile 
circulation"  again  presented  in  a  more  elaborate  form — a  circulation 
of  a  pyrrol  complex. 

A  part  of  this  cycle  may  be  admitted  as  true,  that  the  pigment  radi- 
cle of  hemoglobin  may  appear  in  the  bile  as  bile  pigment  and  later 
as  stercobilin  or  urobilinogen  in  the  intestine.  Is  there  any  evidence 
that  lu-obilinogen  is  absorbed  from  the  intestine  into  the  blood?  Not 
one  grain  of  direct  evidence,  as  urobilinogen  has  never  been  demon- 
strated in  portal  blood.  It  is  claimed  that  the  stercobilin  of  the  feces 
is  insufficient  to  account  for  all  the  bile  poured  into  the  duodenum, 
therefore,  some  of  it  must  be  absorbed.  There  are  several  unknowns 
in  this  equation.  It  is  claimed  that  urobilin  is  formed  only  in  the 
intestiae,  and  must  be  absorbed  from  it,  because  persons  with  common 
duct  obstruction  do  not  show  urobilinogen  nor  stercobilin.     It  is 
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also  known  that  many  other  disorders  result  from  exclusion  of  the  bile 
from  the  intestine,  and  one  could  assume  that  such  disturbances  might 
react  on  other  organs.  It  is  possible  to  assume  that  urobilinogen  may 
be  produced  at  times  in  the  liver  (like  other  pigments),  and  that  this 
production  may  depend  in  part  on  liver  function  (liVer  disease).  There 
is  not  a  bit  of  evidence  produced  so  far  which  will  not  fit  this  hypoth- 
esis as  well  or  better  than  the  usual  theory  that  urobilin  is  formed 
only  in  the  intestine. 

There  is  no  direct  evidence  at  hand  to  contradict  us  if  we  assume 
that  lU'obilin  imder  certain  conditions  may  be  produced  outside  of  the 
intestine,  perhaps  in  the  liver  or  even  kidney.  With  the  evidence  at 
hand  to  indicate  that  the  production  of  one  cdtnmon  body  pigment 
(bilirubin)  is  possible  outside  of  the  liver  (4),  we  must  be  guarded  in 
oiu*  statements  that  some  other  conmaon  pigment  (urobilin)  may  not 
be  formed  under  a  variety  of  conditions,  particularly  abnormal  coo- 
ditions. 

Addis  states  that  the  importance  of  hemoglobin  presupposes  con- 
servation by  the  body  of  this  unusual  pyrrol  group.  This  may  be 
granted  as  desirable  for  the  sake  of  argiunent,  but  direct  evidence  of 
this  must  be  brought  forward  before  the  hypothesis  can  be  accepted. 
There  is  no  direct  evidence  that  urobilinogen  is  absorbed  from  the 
intestine,  and  the  indirect  evidence  is  capable  of  other  interpretation. 

There  is  strong  indirect  evidence  against  this  intestinal  absorption 
and  "circulation"  of  the  pjrrrol  group.  Large  doses  of  bile  by  mouth 
in  bile  fistula  dogs  cause  decrease  in  bile  pigment  output.  But  much 
more  important  is  the  fact  that  dogs  imder  observation  for  months 
and  years  with  bile  excluded  from  the  intestine  fail  to  develop  an 
anemia.  Such  dogs  over  periods  of  months  have  been  kept  so  that 
the  feces  were  free  from  stercobilin,  yet  no  anemia  developed.  This 
shows  that  the  dog  is  in  no  way  dependent  for  its  supply  of  hemoglobin 
upon  pigments  absorbed  from  the  intestine.  These  experiments  do  not 
exclude  the  possibiUty  of  any  pigments  being  absorbed  from  the  intestine, 
but  they  do  show  that  if  such  absorption  does  take  place  it  is  of  trivial 
importance  in  the  pigment  metabolism.  The  biurden  of  proof  must 
now  rest  with  those  who  claim  that  there  is  some  pigment  absorption 
from  the  intestine  in  view  of  the  fact  that  normal  pigment  metabolism 
goes  on  when  all  such  absorption  has  been  prevented  over  long  intervals 
of  time. 
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EXPERIMENTAL  OBSEBVATIONS 

The  dogs  used  in  these  experiments  make  up  the  same  group  used 
in  the  preceding  paper.  In  all  cases  bile  was  absent  from  the  urine 
or  present  at  the  most  in  traces.  Stercobilin  as  a  rule  was  absent 
unless  a  note  is  made  to  the  contrary.  The  routine  treatment  and 
diet  of  the  dogs  have  been  described  previously  (5),  also  the  methods 
of  collection  aQd  analysis.  The  dogs  were  all  in  good  condition,  and 
were  in  no  way  upset  by  these  various  experimcQtal  procedures,  so 
it  is  not  necessary  to  give  protocols  except  in  the  form  of  tables. 

Tables  1  and  2  show  a  pretty  constant  and  sometimes  an  extreme 
cholagogue  action  following  the  introduction  of  dog  bile  by  the  stom- 
ach tube.  There  is  a  striking  fall  in  bile  pigment  secretion  appearing 
after  two  or  four  hours  or  sometimes  as  promptly  as  the  cholagogue 
action  during  the  first  two  hours.  This  fall  is  all  the  more  noticeable 
as  it  appears  during  a  high  bile  outp^t.  The  bile  pigment  secretion  is 
normal  by  the  next  day,  but  sometimes  the  cholagogue  action  seems 
to  persist  into  the  secoad  day.  Splenectomy  does  not  influence  this 
reaction. 

Tables  3,  4  and  5  show  the  variation  which  may  be  noted  after  the 
feeding  of  dog  bile.  We  have  many  more  experiments,  but  the  ones 
submitted  here  are  good  examples  of  two  main  groups.  One  group 
(tables  1  and  2)  show  more  or  less  cholagogue  action  aad  a  definite 
depression  of  bile  pigment  output.  The  other  group  (tables  3,  4  and 
5)  shows  the  same  cholagogue  action  but  little  depression  of  the  bile 
pigment  secretion.  There  are  border  line  experiments  between  these 
two  groups.  The  reason  for  this  comes  out  in  the  next  paper  of  this 
series.  It  will  be  seen  in  the  above  tables  that  even  if  the  total  pig- 
ment output  is  equal  to  the  average  of  previous  days,  there  is  a  tendency 
toward  a  falling  curve  of  secretion  (table  3)  following  the  ingestion  of 
bile. 

Table  6  gives  the  results  of  two  experiments  of  a  group  of  four. 
The  results  in  each  experiment  were  identical.  The  bile  feeding  by 
stomach  tube  was  given  in  the  early  morning,  and  the  bile  collection 
done  nine  hours  later.  It  is  clear  that  there  was  no  influence  upon  the 
(^utput  of  bile  pigments — no  delayed  reaction.  One  dog  shows  a 
cholagogue  action  and  the  other  ia  negative.  These  experiments  are 
necessary  to  meet  the  possible  objection  that  the  inhibition  of  bile 
pigment  secretion  might  be  only  temporary  to  be  followed  by  a  pro- 
portional increase  within  a  few  hours. 
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TABLE  1 

Dog  bile  feeding  and  bile  eeereiion 

Dog  15-22.    Simple  bUe  fistula 


BILK 

Amount  in  cubic  centimeters 

Bile  picmenta  in  miDicrftma 

DATS 

1 

1 

1 

1 

1& 

1 

JS 

1 

1 

1 

Ifizeddiet 

M  • 

I 

2 

2 

h 

2 

2 

^ 

1916 

lU. 

Mareh   3 

35 

48 

35 

119 

12.8 

10.2 

11.8 

34.8 

30.8 

Stools  contain  stereo- 

March   4 

96 

30.6 

31.0 

bilin 

March    6 

30 

30 

35 

95 

8.8 

10.0 

9.4 

28.2 

30.5 

March   7 

20 

67* 

33 

26 

126 

9.4 

9.0* 

2.9 

0.8 

12.7 

30.0 

March   8 

25 

28 

28 

81 

8.5 

8.8 

10.0 

27.3 

30.5 

Hemoglobin  112  per 
cent 

April    12 

15 

23 

27 

65 

8.8 

9.4 

12.8 

31.0 

31.0 

April    13 

17 

25t 

32 

34 

91 

10.6 

10.2t 

3.6 

2.3 

16.1 

30.5 

April    14 

18 

29 

29 

76 

11.3 

13.1 

12.4 

36.8 

30.8 

April    15 

42 

32.0 

31.0 

April    17 

28 

24 

24 

76 

9.4 

9.2 

11.5 

30.1 

31.0 

Hemoglobin  118  per 
cent 

*  250  cc.  dog's  bile  containing  104  mgm.  bile  pigments  given  through  stomach  tube 
at  beginning  of  third  hour. 

t  200  cc.  fresh  dog  bile  containing  68  mgm.  bile  pigments  given  through  stomach 
tube  at  beginning  of  the  third  hour. 
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TABLE  2 

Dog  bile  feeding  and  bile  eecrelion 
Dog  16-10.    Bile  fistula  and  splenectomy 


BILB 

lllARl'l 

Bile  pigments  in  miUicrams 

DATS 

1 

J 

1 

1 

1 

35 

1 

1 

1 

i 

1^ 

Kixeddiet 

2 

J 

2 

2 

1- 

3 

J 

2 

1916 

Vbs. 

March  18 

58 

35.2 

32.0 

Hemoglobin  99  per 
cent. 

March  20 

20 

23 

24 

67 

12.2 

11.4 

12.4 

36.0 

31.8 

Stools  contain  no  ster- 
cobilin 

March  21 

22 

66* 

53 

27 

135 

11.4 

10.0* 

6.0 

6.7 

22.7 

31.8 

March  22 

26 

27 

21 

74 

12.6 

11.5 

13.0 

37.1 

32.0 

AprU    12 

18 

24 

28 

70 

10.2 

11.9 

11.3 

33.4 

31.0 

Stools  contain  no  ster- 
cobilin 

Apnl    13 

16 

31t 

25 

28 

84 

12.2 

9.8t 

2.8 

1.9 

14.5 

31.0 

April    14 

33 

26 

27 

86 

10.4 

9.4 

9.1 

28.9 

30.5 

April    15 

54 

33.6 

30.8 

Hemoglobin    104   per 

cent 

*  350  CO.  fresh  dog  bile  containing  130  mgm.  bile  pigment  given  through  stomach  tube 
at  the  beginning  of  the  third  hour. 

t  200  cc.  fresh  dog  bile  containing  68  mgm.  bile  pigments  given  through  stomach  tube 
at  the  beginning  of  the  third  hour. 
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TABLE  8 

Dog  bile  feeding  and  bile  secretion 

Dog  16-41.    Bile  fistula  and  splenectomy 


BXLX 

Amount  in 

oabio  oentLtneten 

Bile  pifniontt  in  milligrams 

OATB 

1 

J 

1 

i 

1 

1^ 

J 

J 

1 

i 

1^ 

0<0 

MiiMldiat 

2 

1 

40 

I 

2 

I 

2 

2 

1916 

V>9. 

March  15 

48 

36 

27 

111 

10.5 

11.2 

11.5 

33.2 

37.8 

March  16 

44 

84* 

70 

53 

207 

16.3 

13.0* 

17.2 

4.8 

35.0 

38.3 

March  17 

46 

38 

46 

130 

13.1 

12.1 

12.7 

37.9 

38.5 

March  18 

46 

32.2 

38.0 

March  20 

38 

32 

35 

105 

12.0 

10.8 

10.2 

33.0 

37.0 

Hemoglobin  94  per 
cent  (Sahli) 

March   3 

30 

36 

33 

99 

10.0 

11.2 

9.7 

30.9 

37.3 

• 

March   4 

90 

30.6 

37.5 

March    6 

37 

26 

31 

93 

10.5 

9.0 

11.8 

31.3 

36.8 

Hemoglobin  79  per 
cent 

March    7 

28 

37t 

37 

30 

104 

11.3 

11. 3t 

7.3 

4.6 

23.2 

37.0 

March    8 

18 

30 

27 

75 

9.4 

12.1 

9.7 

31.2 

37.3 

*  450  00.  fresh  dog  bile  containing  140  mgm.  bile  pigment  given  through  stomach  tube 
at  beginning  of  the  third  hour. 

1 150  cc.  fresh  dog  bile  containing  70  mgm.  bile  pigments  given  through  stomach  tube 
at  the  beginning  of  the  third  hour. 
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TABLE  4 

Dog  bile  feeding  and  bile  aecretxon 

Dog  16-6.    Simple  bile  fistula 


BILB 

Bfl*  picmenta  in  mllligrmms 

CATS 

1 

i 

1 

1 

J 

f' 

1 

i 

1 

1 

3^ 

BreMUboM  and  milk  diM 

e% 

I 

2 

2 

2 

I 

2 

t 

o*0 

i 

tdte 

tb$. 

Nov.      1 

16 

18 

20 

54 

10.8 

13.8 

11.9 

36.5 

31.5 

Nov.      3 

17 

18 

20 

55 

13.4 

11.3 

16.0 

39.7 

31.5 

Stools  contain  no  ster- 
cobilin 

Nov.      4 

22 

20 

22 

64 

12.9 

13.2 

13.1 

39.2 

31.0 

Nov.      6 

18 

32* 

21 

17 

70 

12.6 

10.1* 

10.9 

10.7 

31.7 

30.8 

Nov.      6 

66 

34.1 

30.8 

Dog  16-27. 

Bile  fistula  and  splenectomy 

Feb.     26 

32 

22.2 

26.0 

Mixed  diet 

Feb.     28 

10 

20 

23 

53 

7.5 

10.4 

8.2 

26.1 

25.0 

Hemoglobin    81 
cent 

per 

Feb.     29 

19 

47t 

34 

22 

103 

10.4 

10. 6t 

6.7 

7.6 

24.9 

25.8 

March    1 

14 

19 

22 

55 

8.8 

8.9 

9.4 

27.1 

25.5 

*  45  cc.  fresh  dog's  bile  introduced  into  empty  stomach  through  stomach  tube  at 
beginning  of  the  third  hour. 

t  200  ec.  fresh  dog  bile  containing  140  mgm.  bile  pigment  given  through  stomach 
tube  at  beginning  of  the  third  hour. 
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TABLE  6 
Dog  bile  feeding  and  bile  secretion 
Dog  16-104.    Simple  bile  fistula 


BXLB 

i»«M*»WW 

Amount  in  cubic  centimeters 

Bile  pigments  in  milligrams 

OATB 

i 

Mixed  diet 

1 

1 

J 

1 

3^ 

1 

1 

1 

e 

.a 

3^ 

2 

I 

2 

s 

r 

2 

: 

40 

2 

r 

? 

1916 

/6f. 

Feb.     25 

20 

15 

17 

62 

12.7 

8.1 

11.4 

32.2 

33.0 

Feb.     26 

46 

28.0 

32.5 

Feb.     28 

14 

17 

18 

49 

8.5 

13.0 

13.4 

34.9 

32.8 

Hemoglobin    96 
cent 

per 

Feb.     29 

16 

44* 

28 

23 

95 

10.0 

13.8* 

7.0 

8.8 

29.6 

32.6 

March    1 

25 

19 

19 

63 

10.2 

8.9 

8.9 

28.0 

33.0 

Dog  16-10. 

Bile  fistula  and  splenectomy 

Feb. 

21 

13 

15 

17 

45 

10.6 

11.0 

11.8 

33.4 

30.3 

Hemoglobin  94  per 
cent 

Feb. 

23 

19 

18 

27 

64 

10.4 

8.1 

11.6 

30.1 

30.6 

Feb. 

24 

12 

40t 

40 

34 

114 

9.6 

11. 3t 

10.6 

6.2 

28.0 

30.3 

Feb. 

25 

22 

27 

21 

70 

9.4 

12.8 

11.5 

33.7 

30.8 

Feb. 

26 

42 

30.4 

31.0 

Stools  contain  no  ster- 
cobilin 

lOOcc 


.WW  wj.  fresh  dog  bile  containing  70  nigm.  bile  pigment  given  through  stomach 
tube  at  beginning  of  third  hour. 

t  360  cc.  fresh  dog  bile  containing  198  mgm.  bile  pigments  given  through  stomach 
tube  at  beginning  of  the  third  hour. 
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TABLE e 

Dog  bile  feeding  nine  hours  before  coUeeHon 
Dog  15-22.    Simple  bile  fistula 


BILS 

DATS 

Amoant  in  eubie 

^^^nSjess"" 

Mixed  di«t 

1 

& 

j§ 

35 

1 

1 

1 

3^ 

§ 

2 

z 

2 

2 

I 

2 

^40 

i 

1916 

0)9. 

April    6 

22 

29 

21 

72 

10.9 

9.2 

9.4 

29.5 

32.5 

April    6* 

19 

27 

22 

68 

8.9 

13.4 

8.9 

31.2 

32.0 

April    7 

25 

21 

21 

67 

12.4 

9.4 

11.3 

33.1 

32.3 

StQolfl  contain  steroobilin 

April    8 

54 

31.6 

32.0 

April  10 

18 

24 

22 

64 

8.1 

11.6 

9.9 

29.5 

31.5 

Hemoglobin  116  per  cent 

Dog  16-27.    ] 

Bile  fistula  and  splenectomy 

April    5 

18 

19 

27 

64 

6.8 

8.6 

12.1 

27.5 

26.5 

April    6* 

32 

34 

35 

101 

11.6 

6.2 

8.6 

26.4 

26.5 

April    7 

17 

23 

29 

69 

7.7 

8.2 

8.6 

24.5 

26.3 

April    8 

50 

24.2 

26.3 

April  10 

18 

22 

27 

67 

8.4 

8.9 

8.5 

25.8 

25.5 

Hemoglobin 

94  per  cent 

*  12.30  a.m.  300  oo.  fresh  dog  bile  containing  135  mgm.  bile  pigments  given  through 
stomach  tube.    Dogs  set  up  at  9.30  a.m.    Bile  output  nine  hours  after  feeding  dog  bile. 
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TABLE  7 

Pig  bile  feeding  and  bile  secretion 
Dog  16-27.    Bile  fistula  and  splenectomy 


BILB 

wntkRMn 

Amount  in 

cubic  oentimetecB 

Bile  pigments  in  millicnuns 

DATE 

B 

1 

1 

1 

1 

1^ 

1 

1 

1 

1 

3^ 

1- 

10»ddiet 

2 

J 

J 

2 

s 

2 

2 

2 

s 

tfrf. 

1916 

March  22 

18 

17 

24 

59 

6.0 

5.7 

6.4 

18.1 

26.3 

March  23 

29 

24* 

13 

13 

50 

8.6 

3.S* 

1.2 

0.9 

5.9 

26.8 

March  24 

35 

40 

23 

98 

6.3 

7.1 

5.2 

18.6 

26.5 

March  25 

40 

25.4 

25.8 

Stools  contain  no  ster^ 
cobilin 

AprU    12 

21 

27 

26 

74 

6.2 

7.9 

6.4 

20.5 

26.3 

April    13 

8 

27t 

27 

27 

81 

6.4 

9.7t 

3.0 

1.8 

14.5 

26.0 

April    14 

27 

27 

27 

81 

7.9 

6.0 

6.7 

20.6 

26.0 

April    16 

66 

20.8 

26.3 

Hemoglobin  95  per 
cent 

*  150  00.  fresh  pig  bile  containing  65  mgm.  bile  pigment  fed  through  stomach  tube 
at  the  beginning  of  the  third  hour. 

t  200  00.  fresh  pig  bile  containing  68  mgm.  bile  pigments  fed  through  stomach  tube 
at  the  beginning  of  the  third  hoiu*. 
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TABLES 

Pig  bile  feeding  and  bile  eecreHon 

Dog  16-41.    Bile  fistula  and  splenectomy 


BILB 

mmiABgii 

Bil»  pigments  in  mi]licr»nM 

DATS 

1 

MLnddieC 

i 

1 

i 

i 

^ 

1 

i 

1 

i 

ll 

7 

2 

J 

2 

^40 

2 

3 

2 

^ 

1916 

Ibt. 

March  22 

46 

33 

40 

119 

10.4 

9.7 

9.0 

29.1 

38.0 

March  23 

47 

44* 

47 

60 

141 

12.4 

8.0* 

5.4 

3.4 

16.8 

38.0 

March  24 

35 

55 

25 

115 

11.0 

14.1 

7.3 

32.4 

37.3 

March  25 

94 

33.2 

36.8 

March  27 

36 

30 

28 

94 

14.4 

13.6 

10.6 

38.6 

37.0 

Hemoglobin   93 
cent 

per 

Dog  16-«). 

Simple  bile  fistula 

April 

12 

24 

21 

23 

68 

6.4 

4.7 

6.2 

17.3 

38.5 

April 

13 

28 

30t 

40 

34 

104 

7.6 

4.0t 

2.8 

1.9 

8.7 

38.8 

April 

14 

16 

28 

23 

67 

5.4 

10.6 

3.1 

19.1 

37.5 

AprU 

15 

36 

15.4 

38.<5 

Hemoglobin   98 
cent 

per 

April 

17 

20 

19 

21 

60 

9.0 

7.2 

5.2 

21.4 

38.3 

^  150  cc.  fresh  pig  bile  containing  65  mgm.  bile  pigment  fed  through  stomach  tube 
al  beginning  of  the  third  hour. 

t  200  cc.  fresh  pig  bile  containing  68  mgm.  bile  pigment  fed  through  stomach  tube 
Hi  the  beginning  of  the  third  hour. 
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TABLE  9 

Sheep  bile  feeding  and  bile  secretion 

Dog  16-10.    Bile  fistula  and  splenectomy 


BILB 

«miARg» 

TK\\m  fA^rntmJA  in  milHgr'^m^ 

DATB 

1 

i 

1 

1 

J 

1^ 

J 

1 

1 

J 

10»ddiei 

2 

1 

2 

2 

^*^ 

2 

<4 

2 

I 

1916 

Ite. 

March  22 

26 

27 

21 

74 

12.6 

11.5 

13.0 

37.1 

32.0 

March  23 

26 

57* 

54 

54 

165 

13.4 

11.3* 

5.4 

3.6 

20.3 

32.3 

March  24 

29 

36 

21 

86 

12.4 

15.8 

10.9 

39.1 

32.0  Stools  contain  stereo- 

bilin 

March  25 

56 

37.6 

31.5 

March  27 

17 

17 

28 

62 

13.0 

8.8 

15.2 

37.0 

31.0 

Hemoblogin    97    per 
cent. 

Dog  15-22. 

Simple  bile  fistula 

March  22 

35 

35 

26 

96 

10.4 

9.2 

9.7 

29.3 

31.5 

March  23 

22 

58t 

40 

14 

112 

10.4 

10. 2t 

3.6 

7.6 

21.4 

31.5 

March  24 

35 

35 

21 

91 

12.0 

11.0 

6.2 

29.2 

31.5 

Stools  contain  stereo- 
biUn 

March  25 

94 

28.8 

32.0 

Hemoglobin  119  per 
cent. 

March  27 

22 

26 

25 

73 

10.4 

11.6 

8.5 

30.5 

31.5 

*  150  cc.  fresh  sheep  bile  containing  29  mgm.  bile  pigments  given  through  stomach 
tube  at  beginning  of  the  third  hour. 

1 150  cc.  fresh  sheep  bile  containing  29  mgm.  bile  pigments  given  through  stomach 
tube  at  beginning  of  the-  third  hour. 
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TABLE  10 
Oz  bile  feeding  and  bile  secretion 
Dog  15-22.    Simple  bile  fistula 


^ 

BBMAJUCS 

Amount  in  eubie  oentimet«n 

Bile  pigments  in  milligrams 

DATB 

1 

Mixed  diet 

1 

1 

1 

i 

1^ 

i 

1 

1 

I 

2 

3 

2 

s 

3 

2 

2 

2 

S*^ 

^ 

1916 

tb9. 

March  10 

24 

25 

25 

74 

9.8 

9.0 

8.5 

27.3 

31.3 

B^rchll 

64 

26.4 

31.5 

March  13 

20 

25 

19 

64 

9.9 

10.8 

7.6 

28.3 

31.3  Hemoglobin    114 

per 

cent 

March  14 

34 

60* 

63 

41 

164 

12.2 

13.6* 

5.6 

7.3 

26.5 

31.5 

March  15 

35 

27 

30 

92 

13.3 

8.2 

10.7 

32.2 

31.5 

Dog  16-41.    Bile  fistula  and  splenectomy 


March   8 

18 

30 

27 

75 

9.4 

12.1 

9.7 

31.2 

37.3 

March   9 

35 

75t 

76 

77 

228 

14.1 

13.5t 

7.2 

5.1 

25.8 

37.3 

March  10 

13 

15 

30 

58 

10.2 

7.7 

12.8 

30.7 

37.0 

March  11 

58 

32.8 

37.3 

March  13 

17 

27 

31 

75 

9.2 

10.3 

9.8 

29.3 

37.0 

Hemoglobin    81    per 

cent 

*  200  cc.  fresh  ox  bile  containing  51  mgm.  bile  pigments  given  through  stomach 
^ube  at  the  beginning  of  the  third  hour. 

t  250  cc.  fresh  ox  bile  containing  73  mgm.  bile  pigment  given  through  stomach  tube 
»t  end  of  the  third  hour. 
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Tables  7  and  8  show  a  pretty  uniform  reaction  as  r^ards  the  de- 
crease in  bile  pigment  secretion.  The  decrease  is  often  over  50  per 
cent  and  the  reaction  very  prompt,  appearing  usually  in  the  first  two 
hours.  The  fall  dining  the  two  hour  periods  is  remarkable,  and  indi- 
cates some  very  strong  inhibiting  substance  which  checks  the  outflow 
of  bile  pigments,  while  the  volume  of  bile  is  imchanged  or  increased. 
Evidently  pig's  bile  is  different  in  some  way  from  dog's  bile  as  r^;ard8 
its  physiological  action  on  dogs. 

Tables  9  and  10  show  that  sheep  and  ox  bile  have  a  tendency  to 
depress  the  curve  of  bile  pigment  secretion  but  not  comparable  to  the 
strong  effect  produced  by  feeding  pig  bile.  Ox  bile  has  the  strongest 
cholagogue  effect  of  any  bile  tested. 

DISCUSSION 

The  experiments  tabulated  above  are  pretty  uniform,  and  in  regard 
to  certain  points  are  capable  of  only  a  single  interpretation.  These 
experiments  practically  rule  out  any  "bile  circulation,"  meaning  the 
absorption  of  bile  pigment  as  such  from  the  intestine.  The  experi- 
ments give  no  support  to  the  theory  of  Addis  that  the  p3rrrol  nucleus 
is  absorbed  from  the  intestine  as  urobilinogen,  and  carried  to  the  Uver 
as  an  important  <;onstructioa  element  for  hemoglobin — ^a  "bile  cir- 
culation'* of  a  pyrrol  complex.  In  fact,  these  experiments  give  strong 
indirect  evidence  against  this  theory  of  Addis.  The  evidence  is  strong 
against  the  absorption  of  urobilinogen  from  the  intestine,  tod  all  the 
known  facts  will  fit  a  different  theory,  namely,  that  urobilin  like  bUe 
pigments  may  at  times  be  formed  in  one  organ  or  another  from  some 
related  pigment  substance.  Direct  proof  that  urobilinogen  can  be 
absorbed  from  the  intestine  in  considerable  amounts  is  needed  to  render 
Addis'  theory  a  useful  hypothesis. 

These  experiments  show  the  usual  cholagogue  action  of  fresh  bUe 
by  mouth,  but  it  is  to  be  noted  that  even  this  well-known  reaction  is 
not  absolutely  constant.  Ox  bile  in  these  experiments  is  the  most 
active  cholagogue,  but  all  fresh  bile  will  show  considerable  variation. 

The  inhibition  of  bile  pigment  output  in  spite  of  the  cholagogue 
action  ia  as  constant  as  the  direct  cholagogue  effect  and  equally  pro- 
nounced. Fresh  bile  by  mouth  often  doubles  the  bile  flow  and  as 
frequently  decreases  by  50  per  cent  the  outflow  of  bile  pigments.  Pig 
bile  is  most  active  in  producing  this  inhibition  of  bile  pigment  secretion. 
The  fall  in  output  of  pigments  usually  appears  promptly,  and  the  effect 
disappears  within  nine  hours.    We  are  not  prepared  to  explain  the 
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full  sigoificance  of  this  constant  reaction,  but,  to  say  the  least,  it 
strengthens  our  belief  that  bile  pigments  are  formed  in  some  other 
manner  than  through  disintegration  of  red  cells  and  hemoglobin. 

As  we  find  more  substances  (organic  or  inorganic)  which  influence 
promptly  the  secretion  of  bile  pigments,  may  we  not  suspect  that  these 
pigments  are  manufactured  in  considerable  degree  by  some  organ  which 
reacts  promptly  to  various  stimuli?  It  requires  the  widest  stretch 
of  the  imagination  to  picture  these  various  simple  substances  as  in- 
fluencing the  red  cell  katabolism — one  group  causing  prompt  and  ex- 
tensive red  cell  destruction,  and  the  other  group  equally  prompt 
inhibition.  Is  it  not  very  probable  that  these  substances  react  on  an 
organ  busy  in  the  production  of  pigments,  and  cause  it  to  produce 
more  or  less  pigment  of  a  certain  type? 

SUMMARY 

Feeding  fresh  bile  to  bile  fistula  dogs  causes  an  almost  constant 
cholagogue  action.  Bile  of  the  dog,  sheep  and  pig  all  have  this  eSectj 
and  ox  bile  seems  to  be  the  most  active  cholagogue. 

Fresh  bile  feeding  as  a  rule  causes  a/oZZ  in  the  ovlpvi  of  hiU  pigments 
in  spite  of  the  cholagogue  action.  Pig  bile  as  a  rule  is  most  active  in 
this  respect,  and  may  depress  the  bile  pigment  curve  to  less  than  half 
normal.  Ox  and  sheep  bile  may  have  the  same  e£Fect.  Dog  bile 
often  causes  only  a  slight  fall  in  bile  pigment  output,  but  may  depress 
the  curve  to  60  per  cent  of  normal. 

These  experiments  exclude  the  possibility  of  bile  pigment  absorption 
from  the  intestine.  There  is  no  evidence  to  support  the  theory  of 
"bile  pigment  circulation."  These  experiments  give  no  support  to 
Addis'  theory  of  pigment  conservation,  urobilinogen  absorption  from 
the  intestine  and  synthesis  toward  hemoglobin.  It  is  su^ested  that 
urobilinogen  may  be  formed  in  other  body  tissues  rather  than  absorbed 
from  the  intestine. 

Splenectomy  does  not  influence  any  of  the  above  reactions  in  bile 
fistula  dogs. 
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Secbbtion,  Taxtbochouc,  Gltcochouc  and  Cholic  Acms 

AND  Bile  Fat 
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The  preceding  paper  makes  it  clear  that  bile  feeding  may  give  some- 
what variable  results  imder  pretty  uniform  conditions.  We  were 
particularly  interested  in  the  fact  that  pig  bile  almost  alwa3r8  caused 
a  remarkable  decrease  in  bile  pigment  output  in  dogs  with  biliary 
fistulacy  but  dog  bile  had  a  less  pronounced  inhibiting  effect  or  even 
no  effect  on  bile  pigment  secretion.  It  is  well  known  that  bile  of  her- 
bivorous animals  differs  in  its  chemical  make-up  from  the  bile  of  carniv- 
orous animals.  It  was  suspected  that  some  of  these  variations  in 
bile  secretion  following  bile  feeding  mi^t  be  explained  by  differences 
in  chemical  constitution  of  the  ingested  bile. 

Any  chemical  substances  capable  of  influencing  t&e  bile  pigment 
secretion  seemed  worthy  of  investigation.  Some  of  the  more  conspicu- 
ous elements  of  whole  bile  were  isolated  and  tested  in  the  experiments 
outlined  below.  That  these  substances  have  distinctive  physiological 
activities  is  obvious,  and  that  some  of  these  have  a  definite  action  upon 
bile  pigment  secretion  is  equally  clear.  It  is  admitted  that  these 
experiments  touch  on  only  a  few  of  the  well  known  elements  of  pormal 
bile,  and  many  other  constituents  should  be  investigated.  We  hope 
to  report  further  on  these  points  in  the  future. 

The  experiments  given  below  confirm  those  of  the  preceding  pap^ 
in  showing  how  profoundly  and  promptly  the  bUe  pigment  output  can 
be  influenced  by  ingested  substances.  Further  than  that  these  experi- 
ments show  that  taurocholic  acid  has  more  of  a  cholagogue  action  than 
glycocholic  acid  but  much  less,  if  any,  action  on  bile  pigment  secretion. 
Glycocholic  acid  is  a  less  active  cholagogue,  but  causes  pronounced 
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inhibition  of  bile  pigment  output.  Bile  fat  (simple  ether  extract) 
is  also  capable  of  depressing  the  curve  of  bile  pigment  secretion,  while 
influencing  in  no  degree  the  total  output  of  bile. 

It  is  probable  that  cholesterol  is  an  inert  substance  as  regards  any 
control  of  bile  pigment  secretion.  Some  experiments  were  performed 
in  which  cholesterol  (1-2  grams)  were  added  to  the  daily  food  but 
with  negative  results.  These  experiments  are  not  conclusive,  and  the  . 
question  may  be  left  open  at  present  with  a  strong  probability  that 
cholesterol  is  a  negative  factor  in  bile  pigment  secretion. 

EXPERIMENTAL  DATA 

The  same  bile  fistula  dogs  are  used  in  the  experiments  as  in  the 
experiments  described  in  the  two  previous  papers.  Unless  note  is 
made  to  the  contrary,  the  same  conditions  obtain.  The  urine  never 
contained  more  than  a  trace  of  bile  pigments  and  no  urobilin. 

The  taurocholic  and  taurocholeic  acids  were  prepared  from  dog  bile. 
The  whole  bile  mixed  with  an  excess  of  animal  charcoal  was  evaporated 
to  dryness  at  70**  to  80**C.  The  residue  was  extracted  several  times 
with  absolute  alcohol,  and  the  alcoholic  filtrate  decomposed  with 
hydrochloric  acid  and  precipitated  with  ether.  The  bile  acids  were 
purified  by  redissolving  in  alcohol  and  reprecipitating.with  ether. 

The  glycocholic  acid  was  prepared  from  fresh  pig's  bile,  evaporating 
it  to  dryness  in  the  presence  of  an  excess  of  animal  charcoal  at  70** 
to  80°C.,  extracting  the  dried  residue  with  absolute  alcohol  and  pre- 
cipitating the  filtrate  with  dilute  hydrochloric  acid  and  water.  The 
glycocholic  acid  was  purified  by  redis&olving  in  alcohol  and  precipitat- 
ing with  water. 

The  cholic  acid  used  was  prepared  from  glycocholic  acid  by  hydrolysis 
with  hydrochloric  acid.  The  cholic  acid  fraction  was  rubbed  up  with 
distilled  water,  and  then  cold  alcohol,  and  finally  precipitated  in 
relatively  pure  form  from  hot  alcohol. 

The  bile  fat  was  obtained  from  dog  bile.  The  whole  bile  mixed  with 
an  excess  of  animal  charcoal  was  evaporated  to  dryness,  and  the  residue 
extracted  with  ether. 
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TABLE  SI 

Tawrocholtc  add  feeding  and  hile  secretion 

Dog  15-22.    Simple  bile  fistula 


BILB 

Bile  pigment*  in  mmignunt 

DATS 

B 

J 

J 

J 

1 

o*^ 

e 

e 

Mixed  diet 

2 

I 

2 

J 

2 

I 

2 

00 

me 

March  17 

33 

32 

27 

92 

12.0 

10.8 

9.1 

31.9 

30.8 

March  18 

52 

32.8 

31.5 

March  20 

25 

24 

31 

80 

8.9 

9.6 

10.4 

29.9 

31.5 

Hemoglobin,  116  per 
cent 

March  21 

19 

53* 

29 

19 

101 

9.4 

10. 6* 

9.2 

9.9 

29.7 

31.5 

5  grams  taurocholic 
acid 

March  22 

35 

35 

26 

96 

10.4 

9.2 

9.7 

29.3 

31.8 

Dog  16-27. 

Bile  fistula  and  s 

plenectomy 

March  31 

10 

20 

27 

57 

7.2 

8.6 

8.5 

24.3 

26.5 

April      1 

44 

• 

18.8 

26.5 

April     3 

17 

22 

29 

68 

5.7 

6.4 

5.8 

17.9 

26.0 

Hemoglobin,  92  per 
cent 

April      4 

22 

44* 

36 

30 

110 

5.9 

6.0* 

4.8 

5.2 

16.0 

26.5 

3*  grams  taurocholic 
acid. 

April      5 

18 

19 

27 

64 

6.8 

8.6 

12.1 

27.5 

26.5 

*  Taurocholic  and  taurocholeic  acids  dissolved  in  400  cc.  water  given  throu^ 
stomach  tube  at  the  beginning  of  the  third  hour. 
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TABLE  S2 

Taurocholic  add  feeding  and  bile  secretion 
Dog  16-10.    Bile  fistula  and  splenectomy 


• 

BILB 

■■MAMM 

Bile  pigmenta  in  millignins 

DATS 

g 

J 

1 

1 

1 

1^ 

1 

1 

1 

li 

MizeddiM 

7 

40 

s 

M 

J 

s 

I 

^ 

1916 

lU. 

March  31 

19 

23 

25 

67 

11.0 

12.9 

12.4 

36.3 

32.3 

April      1 

48 

37.8 

32.3 

April      3 

19 

20 

28 

67 

14.1 

11.6 

15.5 

41.5 

31.8 

Hemoglobin,  102  per 
cent 

April     4 

20 

43* 

31 

24 

98 

13.6 

19.8* 

11.1 

11.0 

41.9 

31.5 

April     5 

21 

25 

26 

72 

12.2 

12.9 

14.0 

39.1 

32.0 

Dog  16^1. 

Bile  fistula  and  splenectomy 

r 

March  31 

21 

24 

28 

73 

8.4 

9.2 

9.4 

27.0 

37.3 

April      1 

46 

31.6 

37.3 

April     3 

41 

22 

28 

91 

12.2 

8.9 

8.8 

29.9 

36.3 

Hemoglobin, 
cent 

99   per 

April     4 

41 

63* 

51 

47 

161 

12.8 

13.6* 

13.4 

10.8 

37.8 

37.0 

April     5 

29 

32 

42 

103 

9.2 

10.4 

11.8 

31.4 

37.0 

*  3  grams  taurocholic  and  taurocholeic  acids  dissolved  in  600  cc.  water  given 
through  stomach  tube  at  the  beginning  of  the  third  hour. 


Digitized  by 


Google 


284 


C*  W.   HOOPBB 


TABLE  23 

Olycocholic  acid  feeding  and  bile  secretion 

Dog  16-60.    Simple  bile  fistula 


BILB 

BMUAtULM 

Amount  in  cubic  centimeters 

Bile  pigments  in  milUsramB 

J>ATB 

S 

1 

J 

1 

i 

■3^ 

1 

1 

s 

Mixed  diet 

*? 

I 

2 

O<o 

« 

"* 

« 

°P 

o«^ 

H 

J> 

H 

-i. 

A 

J> 

r* 

^ 

me 

ib«. 

April    6 

24 

7 

45 

76 

9.2 

1.6 

7.2 

18.0 

38.3 

April    7 

22 

16 

29 

67 

5.4 

4.4 

7.2 

17.0 

38.8 

April   8 

66 

22.4 

38.3 

April  10 

20 

14 

29 

63 

4.6 

3.8 

7.2 

15.6 

37.3 

Hemoglobin,   101  per 
cent 

April  11 

23 

30* 

27 

35 

92 

5.7 

2.7* 

1.8 

2.4 

6.9 

38.5 

April  12 

24 

21 

23 

68 

6.4 

4.7 

6.2 

17.3 

38.5 

Dog  16-27.    Bile  fistula  and  splenectomy 


April    7 

17 

23 

29 

69 

7.7 

8.2 

8.6 

24.5 

26.3 

April    8 

50 

24.2 

26.3 

April  10 

18 

22 

27 

67 

8.4 

8.9 

8.5 

25.8 

25.5 

Hemoglobin, 
cent 

94    per 

April  11 

16 

21* 

17 

19 

57 

8.2 

6.2* 

2.3 

1.3 

9.8 

26.3 

April  12 

21 

27 

26 

74 

6.2 

7.9 

6.4 

20.5 

26.3 

*  10  grams  glycocholic  acid  dissolved  in  250  cc.   1  per  cent  sodium  carbonate 
solution  fed  through  stomach  tube  at  the  beginning  of  the  third  hour.. 
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TABLE  34 

Glycocholic  acid  feeding  and  bile  secretion 

Dog  15-22.    Simple  bile  fistula 


BILB 

BEMABK8 

Amount  in  cubic  oentimeten 

Bile  pigments  in  milligrams 

DATS 

s 

1 

J 

J 

1 

?^ 

1 

1 

1 

1 

1^ 

Mixed  diet 

2 

J 

S 

s 

h 

2 

I 

: 

s 

^- 

H»t. 

1916 

April    7 

25 

21 

21 

67 

12.4 

9.4 

11.3 

33.1 

32.3 

April   8 

54 

31.6 

32.0 

Stercobilin  present 

April  10 

18 

24 

22 

64 

8.1 

11.5 

9.9 

29.5 

31.5 

Hemoglobin   116  per 
cent 

April  11 

26 

34* 

23 

26 

83 

10.0 

10.0* 

4.1 

3.0 

17.1 

31.5 

April  12. 

15 

23 

27 

65 

8.8 

9  4 

12.8 

31.0 

31.0 

Dog  16-41.    Bile  fistula  and  splenectomy 


April    8 

68 

30.6 

37.3 

April  10 

22 

22 

37 

81 

10.4 

10.4 

13.7 

34.5 

36.3 

Hemoglobin  110  per 
cent 

April  11 

27 

29* 

53 

37 

119 

9.8 

11.0* 

2.5 

3.1 

16.6 

37.0 

April  12 

21 

28 

27 

76 

6.4 

8.2 

8.5 

23.1 

37.3 

*  10  grams  glycocholic  acid  dissolved  in  250  cc.   1  per  cent  sodium  carbonate 
solution  fed  through  stomach  tube  at  the  beginning  of  the  third  hour. 


Digitized  by 


Google 


286 


C.  W.  HOOHBR 


TABLE  S5 
ChoUc  acid  feeding  andhiU  secretion 

Dog  15-22.    Simple  bile  fistula 


BILB 

Mmtknmm 

Amount  in  eubie  oentimeten 

Bile  picmenta  in  miUiKranw 

DATS 

§ 

J 

5 

1 

i 

1^ 

J 

i 

1 

1^ 

Mind  diet 

7 

I 

00 

2 

I 

: 

s 

1916 

At. 

April  14 

18 

29 

29 

76 

11.3 

13.1 

12.4 

36.8 

30.8 

April  16 

42 

32.0 

31.0 

April  17 

28 

24 

24 

76 

9.4 

9.2 

11.5 

30.1 

31.0 

Hemoglobin  118  per 
cent 

Apnl  18 

15 

22* 

27 

27 

76 

9.1 

10.4* 

9.4 

8.9 

28.7 

31.0 

Apnl  19 

29 

29 

26 

84 

9.2 

8.6 

7.6 

25.4 

32.0 

Dog  16-41. 

Bile  fistula  and  splenectomy 

April  14 

23 

24 

28 

76 

10  9 

11.0 

10.0 

31.9 

36.5 

April  16 

56 

30.4 

37.3 

Hemoglobin  106  per 
cent 

April  17 

20 

23 

28 

71 

9.4 

10  3 

11.3 

31.0 

36.0 

April  18 

19 

29* 

16 

21 

66 

3.4 

6.6* 

3.0 

4.6 

14.1 

37.0 

April  19 

22 

29 

32 

83 

8.6 

8.6 

10.1 

27.3 

37.5 

*  2  grams  cholic  acid  emulsified  in  200  cc.  of  a  1  per  cent  sodium  carbonate 
solution  given  by  stomach  tube  at  beginning  of  third  hour. 
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TABLE  26 
Bile  fat  feeding  and  bile  secretion 

Dog  15-22.    Simple  bile  fistula 


BILB 

BBMASKS 

Bile  pigmenta  in  miUigrftms 

DATB 

§ 

1 

1 

1 

1^ 

J 

1 

1 

J 

i^ 

Mind  diet 

eji 

: 

s 

- 

M 

I 

:. 

2 

i 

1916 

l&t. 

March  31 

25 

36 

31 

92 

9.0 

12.0 

9.1 

30.1 

32.5 

April     1 

48 

25.8 

32.8 

April     3 

22 

21 

31 

74 

10.4 

11.5 

10.4 

32.3 

32.0 

Hembglobin  116  per 
cent 

April     4 

25 

23* 

23 

22 

68 

8.5 

5.2* 

5.7 

5.6 

16.5 

32.3 

April      6 

22 

29 

21 

72 

10.9 

9.2 

9.4 

29.5 

32.5 

Dog  16-27. 

Bile  fistula  and  splenectomy 

March  17 

25 

25 

29 

79 

8.5 

7.3 

7.2 

23.0 

26.5 

March  18 

52 

22.4 

26.8 

March  20 

9 

19 

24 

52 

8.8 

8.5 

8.6 

25.9 

26.3 

Hemoglobin 
cent 

85  per 

March  21 

20 

17* 

17 

20 

54 

6.4 

4.6* 

3.8 

3.9 

12.3 

26.5 

March  22 

18 

17 

24 

59 

6.0 

5.7 

6.4 

18.1 

26.3 

*  1.1  gram  bile  fat  emulsified  in  200  cc.  water  fed  through  stomach  tube  at  the 
beginning  of  third  hour. 
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DISCUSSION 

The  above  tabulated  experiments  make  several  points  clear.  Glyco- 
cholic  acid  has  a  moderate  cholagogue  action,  but  usually  causes  a 
great  drop  in  bile  pigment  output  in  a  bile  fistula  dog.  Taurocholic 
acid  has  a  strong  cholagogue  action,  but  little,  if  any,  inhibiting  effect 
on  the  bile  pigment  secretion.  BUe  fat  (ether  extract  of  whole  bile) 
has  no  influence  on  bile  flow,  but  causes  inhibition  of  bile  pigment 
secretion.  Cholic  acid  has  little  effect  on  bile  flow,  but  may  decrease 
somewhat  the  bUe  pigment  output. 

With  these  facts  in  mind  it  may  be  possible  to  explain  some  of  the 
obscure  points  noted  in  the  preceding  paper  dealing  with  whole  bile 
feeding.  Pig  bile  is  known  to  be  very  rich  in  glycocholic  acid  and 
very  poor  in  taurochoUc  acid,  so  it  is  not  surprising  that  pig  bUe  given 
to  bUe  fistula  dogs  usually  causes  a  marked  decrease  in  output  of  bile 
pigments.  Dog  bile  is  known  to  contain  salts  of  taurochoUc  and  tauro- 
choleic  acids  but  no  glycochoUc  acid  (at  the  most  a  trace).  We  under- 
stand now  why  dog  bile  does  not  cause  as  marked  a  decrease  in  bfle 
pigment  secretion  as  does  pig  bile.  The  ether  extract  of  dog  bile 
given  to  dogs  with  biliary  fistulae  usually  causes  a  decrease  in  pigment 
output.  This  substance  or  group  of  substances  may  explain  the  tend- 
ency for  dog  bUe  feeding  to  cause  a  fall  in  bUe  pigment  secretion.  There 
may  be  substances  in  whole  bile  which  are  capable  of  increasing  the 
outflow  of  bile  pigments  and  their  isolation  and  identification  if  present 
are  much  to  be  desired. 

It  may  be  objected  that  glycocholic  acid  is  foreign  to  the  dog's 
metabolism,  and  causes  an  imusual  effect  because  of  this  fact.  Such 
objections  can  not  be  raised  against  the  other  substances  used,  and  the 
observations  have  some  physiological  interest. 

SUMMARY 

TaurochoUc  acid  given  by  mouth  has  a  strong  cholagogue  action 
but  Uttle  influence  upon  the  secretion  of  bile  pigments  in  bile  fistula 
dogs. 

GlycochoUc  acid  by  mouth  has  a  moderate  cholagogue  action  but 
a  strong  inhibiting  effect  upon  bile  pigment  secretion. 

ChoUc  acid  has  Uttle  if  any  cholagogue  action,  but  may  decrease 
somewhat  the  bile  pigment  secretion  in  the  bile  fistula  dog. 

Bile  fat  (ether  extract)  has  no  cholagogue  action,  but  has  a  strong 
inhibiting  effect  upon  the  secretion  of  bUe  pigments. 
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The  results  obtained  in  bile  fistula  dogs  by  feeding  whole  bUe  may 
depend  upon  these  factors  (and  others).  The  end  result  (inhibition 
or  stimulation)  is  probably  the  true  resultant  of  these  many  forces. 
It  is  possible  to  explain  some  of  the  divergent  results  met  with  after 
bile  feeding  by  this  study  of  some  of  the  constituent  parts  of  whole 
bUe. 
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OBSERVATIONS    ON    THE    EFFECTS    OF    PARTIAL     AND 

COMPLETE  OCCLUSION  OF  BLOOD  VESSELS  ON 

THE  GENERAL  BLOOD  PRESSURE  IN  MAN 

B.  LANDIS  ELLIOTT 
From  the  PhysiologictU  Deparin^ent,  WaskingUm  University 

Received  for  publication  November  2,  1916 

The  effect  on  the  general  blood  pressure  of  occluding  and  opening 
some  of  the  larger  arteries  and  veins  in  animals  has  been  the  subject 
of  some  study.  So  far  as  we  are  aware,  however,  observations  of  this 
kind  have  never  been  made  in  man.  The  present  investigation  was 
imdertaken  with  a  view  to  gathering  information  with  regard  to  the 
effects  on  the  general  arterial  pressure  and  heart  rate  of  such  procedures 
in  man. 

DESCRIPTION  OF  APPARATUS  AND  METHOD  OF   PROCEDURE 

The  principal  method  consisted  in  applying  different  known  pressures 
to  the  vessels  of  both  thighs  while  following  the  arterial  pressure  in 
the  brachial  artery  by  the  continuous  oscillatory  method  (1).  Both 
thighs,  instead  of  only  one,  were  used  so  as  to  obtain  unmistakable 
reactions. 

The  apparatus  consisted  of  an  Erlanger  sphygmomanometer;  a 
foot  plethysmograph  with  volume  recorder;  an  air  tank  connected 
with  a  compressed  air  system,  with  a  mercury  manometer  and  with 
two  blood  pressure  cuffs  for  the  application  of  pressure  to  the  thighs; 
and  a  time  recorder. 

The  plethysmograph  was  made  in  the  form  of  a  boot  large  enough 
to  include  the  foot  and  the  leg  up  to  about  the  naiddle  of  the  calf  with 
which  an  air-tight  joint  was  made  by  means  of  a  piece  of  band  tubing. 
The  volume  changes  were  recorded  by  means  of  a  calibrated  volume 
recorder.  The  tank  was  chained  with  air  at  the  pressure  it  was  de- 
sired to  throw  into  the  cuffs  on  the  legs.  Then  by  simply  turning  a 
stopcock  this  pressure  could  be  4suddenly  applied  to  or  removed  from 
the  legs.    Through  the  mercury  manometer  the  moment  of  application 
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of  pressure,  the  instant  at  which  it  was  released  and  the  time  during 
which  it  was  applied  as  well  as  the  pressure  itself  were  recorded.  The 
effect  upon  the  arterial  blood  pressure,  upon  the  volume  of  the  leg, 
the  pressure  exerted  on  the  thighs  and  the  time  in  seconds  were  re- 
corded simiultaneously . 

The  effect  on  the  arterial  pressure  of  applying  the  compression  to 
and  releasing  it  from  the  legs  was  foUowed  by  means  of  continuous 
blood  pressure  records  made  with  the  Erlanger  sphygmomanometer 
according  to  a  principle  first  employed  by  Erlanger  (1).  The  subject 
of  the  experiment  lay  on  his  back  upon  a  table;  the  right  leg  and  foot 
were  placed  in  the  pleth3r8mograph;  a  large  blood  pressure  cuff  was 
fastened  around  each  thigh,  as  high  up  as  possible;  and  the  cuff  of  the 
Erianger  sphygmomanometer  was  placed  on  the  left  arm  to  record 
the  changes  in  the  amplitude  of  the  oscillations  obtained  from  the 
brachial  artery.  The  tambour  space  of  the  sphygmomanometer  was 
completely  closed  while  recording  the  oscillations.  Records  to  the 
number  of  192  were  made  from  two  subjects  at  compression  pressures 
ranging  between  10  and  140  mm.  Hg.  The  blood  pressures  of  these 
subjects,  both  of  whom  were  normal  young  men,  were  (E)  average 
systolic  pressure,  108  mm.  Hg.,  average  diastolic,  64;  and  (J)  average 
systolic  pressure  126  mm.  Hg.,  average  diastolic,  62. 

RESULTS 

Effed  of  compression  on  osciUation  amplitude.  The  effects  noted 
varied  with  the  level  of  the  compressing  pressure.  Applying  com- 
pression to  the  thigh  at  the  lower  pressures  causes  no  change  in  the 
amplitude  of  the  oscillations  obtained  from  the  brachial  artery  by  the 
continuous  method.  At  somewhat  higher  compression,  an  effect  upon 
the  oscillations  first  becomes  apparent  as  an  increase  in  amplitude. 
This  increase  in  amplitude  first  occurs  at  a  compressioli  pressure  of 
70  mm.  Hg.  and  at  this  pressure  it  is  found  in  12.5  per  cent  of  the  trials. 
It  is  observed  in  a  larger  proportion  of  the  trials  as  the  compressing 
pressure  is  raised  until  at  100  mm.  Hg.  it  occurs  in  every  one  of  the 
records.  At  70  mm.  the  increase  in  amplitude  is  delayed,  not  following 
immediately  upon  the  application  of  pressure,  but  appearing  several 
seconds  afterward  (fig.  1).  As  the  compression  pressure  is  increased 
the  delay  in  the  appearance  of  the  increased  oscillations  decreases 
untfl  at  140  mm.  all  of  the  compressions  cause  an  immediate  and 
marked  effect  (fig.  2).    These  results  are  tabulated  below  (table  1). 
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At  the  lower  compressmg  pressures  the  increase  in  amplitude  is  of 
short  duration,  usually  disappearing  in  the  course  of  a  few  pulse  beats. 
At  pressures  above  110  nun.,  however,  (fig.  2)  it  shows  a  greater  tend- 
ency to  persist  and  in  a  considerable  number  of  the  records  the  effect 
persisted  without  appreciable  diminution  imtil  the  pressure  was  re- 


Fig.  1.  Record  to  illustrnte  effect  of  a  compression  pressure  of  70  mm.  Hg. 
/,  Volume  of  leg  (right);  i,  compression  pressure;  5,  sphygmomanometric  record 
from  left  arm;  4y  time  in  seconds. 

leased,  the  maximmn  duration  being  two  minutes  and  twenty-two 
seconds. 

Effect  of  decompression  on  oscillation  amplitude.  The  effect  of  re- 
leasing the  pressure  is  more  marked  than  the  effect  of  appljdng  it; 
it  becomes  evident  at  lower  compression  pressures  and  the  response  is 
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Fig.  2.  Record  illustrating  effect  of  a  high  compression  pressure.  1,  Volume 
of  leg  (right);  2,  compression  pressure  (140  mm.  Hg.);  5,  sphygmomanomotric 
record  from  left  arm;  4t  time  in  seconds. 
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TABLE  1 


PBR  CBNT  OP  TBIALB  8HOWZNO 

FRES- 

INTOLDMB 

nt  15  BBO- 

ONIM 

TOTAL 

SUBS  IN 
MM.  HO. 

Ineraase  in  amplitude  on 

Deeroaae  in  amplitude  on 

▼OLUMB 
ZMCBXASS 

oompresBion 

10 

0 

0 

ee. 
0 

ct. 

0 

20 

0 

0 

0 

0 

25 

0 

0 

0 

0 

30 

0 

0 

3.2 

4 

40 

0 

Occasional,  slight 

6.76 

10.3 

60 

0 

Occasional,  slight 

7.6 

16.0 

60 

0 

Definite  in  36  per  cent, 
no  delay. 

8.6 

18.5 

70 

Definite  in  12.6  per  cent, 

Definite  in  62.6  per  cent] 

delayed. 

no  delay. 

9.7 

24.0 

76 

Definite  in  33.3  per  cent, 
not  delayed. 

Definite  in  66.6  per  cent  J 

80 

Definite  in  28.6' 
percent 

Some 
delayed 

Definite  in  86.7  per  cent 

10.25 

26.6-h 

90 

Definite    in    67 
per  cent 

Definite  in  86.7  per  cent 

9.6 

27.4-h 

100 

Definite   in     76 
per  cent 

Some 
abrupt 

Definite  in  100  per  cent 

9.7 

29.0+ 

110 

Definite   in     67 
per  cent           J 

Definite  in  100  per  cent 

11.0 

28.3+ 

120 

Definite  in  100  per  cent, 
abrupt 

Definite  in  100  per  cent 

9.0 

23.9 

130 

Definite  in  100  per  cent, 
abrupt 

Definite  in  100  per  cent 

3.8 

6.5 

140 

Definite  in  100  per  cent, 
abrupt 

Definite  in  100  per  cent 

0 

0 

The  data  given  in  this  table  are  based  upon  observations  made  on  the  subject 
(E).    The  observations  made  on  (J)  bear  them  out  in  every  essential. 

It  must  be  remembered  that  the  figures  here  given  for  total  volume  increase 
are  only  approximations  and  are  much  too  low.  More  exact  values  might  have 
been  obtained  with  a  different  style  of  volume  recorder. 

The  sign  plus  (+)  where  it  appears  in  the  table  indicates  that  in  a  considerable 
number  of  cases  the  excursions  of  the  recording  lever  were  so  wide  as  to  cause  it 
to  leave  the  record.    The  values  given  are  therefore  very  much  too  low. 

The  s3rstolic  pressure  in  the  thigh  was  somewhat  higher  than  that  detennined 
in  the  aim,  averaging  114  mm.  Hg. 
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immediate;  despite  the  fact  that  the  pressure  is  applied  and  released 
at  approximately  the  same  speed.  The  effect  consists  in  a  marked 
decrease  in  amplitude  of  the  oscillations,  and  very  often,  more  particu- 
larly at  the  higher  pressures,  a  drop  in  the  level  of  the  base  line  of  the 
record  (figs.  1  and  2).  This  effect  was  noted  with  a  pressure  as  low 
as  40  inm.  Hg.  and  increased  in  frequency  of  occurrence  with  increas- 
ing pressmre  up  to  100  mm.  At  and  above  this  pressure  it  occurred 
in  every  case.  The  oscillations  attain  their  lowest  amplitude  usually 
within  one  or  two  pulse  beats  and  then  return  to  their  original  size  in 
the  course  of  from  6  to  25  beats,  usually  about  12  beats.  The  effects 
of  releasing  the  pressure  are 
shown  in  table  1. 

Effect  of  the  duration  of  com- 
pression.  For  the  piupose  of  de- 
termining the  value  of  the  time 
factor  all  the  records  made  with 
compression  pressures  above  50 
mm.  Hg.  were  divided  into 
groups,  each  group  containing 
records  having  nearly  the  same 
compression  pressure.  Pressures 
below  55  mm.  were  not  used  be- 
cause the  effects  at  those  pres- 
sures were  very  slight  and  thus 
difficult  to  measure,  or  absent 
altogether.  There  were  nine 
groups  in  all.  Group  I  contained 
records  made  with  compressions 
of  55  to  63  nmi.  Hg.;  group  II, 
68  to  75  mm.  Hg.;  group  III,  75 
to  80  nmi.  Hg.;  group  IV,  90  nam.  Hg.;  group  V,  100  nam.  Hg.;  etc. 
up  to  group  IX,  140  mm.  Hg.  An  examination  of  all  the  records 
made  with  the  object  of  determining  the  effect  of  the  time  during  which 
compression  was  appUed  shows  that  the  effect  of  releasing  the  pressure 
on  the  thighs  varies  directly  with  the  length  of  time  during  which  the 
pressure  was  applied  in  all  the  groups  except  I  (55  to  63)  and  VIII 
(130).  In  group  VIII,  the  time  periods  were  not  varied  enough  to 
form  the  basis  of  a  fair  comparison  but  as  it  appears  in  groups  VII  and 
IX  it  may  safely  be  assumed  that  the  time  factor  is  present.  Thus 
only  group  I  is  left  in  which  no  relation  can  be  observed  between  the 


Fig.  9.  Curves  showing  total  volume 
increase  (1)  and  increase  in  the  first  15 
seconds  (2)  at  different  compressing 
pressures.  (Total  volume  increase  for 
pressures  of  80  to  100  mm.  Hg.  is  too 
low.    See  footnote  to  table  1.) 
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length  of  time  during  which  pressure  was  applied  and  the  intensity  of 
the  effect  of  releasing  it. 

Significance  of  the  changes  in  amplitude.  That  these  changes  in 
amplitude  of  the  oscillations  obtained  from  the  brachial  artery  were 
indicative  of  changes  in  arterial  blood  pressure  was  definitely  proven 
by  a  number  of  observations. 

In  the  first  place,  to  dispose  of  the  possibiUty  that  the  effects  described 
might  be  due  to  any  such  cause  as  alterations  in  the  position  of  the 
subject  with  resultiag  changes  in  the  contact  of  the  cuffs  with  extrane- 
ous objects,  a  series  of  experiments  was  performed  in  which  the  cuffs 
were  so  placed,  and  the  body  supported  in  such  a  manner  that  the 
blood  pressure  cuffs  came  into  contact  with  nothing  but  the  body. 
The  records  obtained  in  these  experiments  were  in  every  respect  simi- 
lar to  those  obtained  before. 

Proof  that  compression  and  decompression  cause  changes  in  blood 
pressure  was  obtahied  by  the  use  of  the  auscultatory  method  of  deter- 
mining the  blood  pressure.  The  pressure  in  the  brachial  artery  was 
estimated  by  this  method  before  and  after  compression,  and  again 
before  and  inmiediately  after  decompression.  The  compressions 
caused  a  rise  in  blood  pressure  of  4  to  8  mm.  Hg.,  depending  to  some 
extent  upon  the  pressing  used.  To  detect  the  fall  in  blood  pressuze 
occiuxing  as  the  result  of  decompression  of  the  femoral  vessels,  the 
pressure  in  the  brachial  artery  was  determined  about  one  minute 
after  compression.  Then,  with  the  pressure  in  the  sphygmomanometer 
about  2  nmi.  below  S3rsto]ic  pressure,  a  pressure  which  just  allowed  the 
sounds  to  come  through,  the  pressiu'e  on  the  thighs  was  suddenly  re- 
leased while  listening  to  the  arterial  sounds  in  the  brachial  artery. 
The  sounds  disappeared.  The  pressure  in  the  sphygmomanometer 
was  then  inmiediately  allowed  to  fall,  until  the  sounds  returned.  This 
occurred  at  a  level  which  was  from  4  to  14  mm.  below  the  former  systoUc 
pressure.  The  extent  of  the  fall  in  blood  pressure  depended  upon  the 
compression  used,  the  most  marked  change  occiuxing  with  the  highest 
compression  pressure. 

In  all  of  the  experiments  described  above  in  which  blood  pressure 
records  were  made  the  pressure  exerted  on  the  brachial  artery  was  a 
little  below  systolic.  If  the  changes  in  amplitude  observed  are  due  to 
changes  in  blood  pressure,  we  should  expect,  when  the  pressure  in  the 
sphygmomanometer  is  set  at  a  level  slightly  lower  than  diastoUc^  com- 
pression and  decompression  to  produce  changes  in  the  opposite  direc- 
tion to  those  observed  in  the  records  thus  far  described.    For  in  that 
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case  a  rii^  of  the  systolic  pressure,  the  pressure  exerted  on  the  brachial 
artery  remaining  constant,  would  increase  the  difference  between  the 
S3rstolic  pressure  and  the  pressure  exerted  by  the  sphygmomanometrici 
cuff,  and  the  oscillations  would  diminish  in  ampUtude  (fig.  3) .  Converse- 
ly, a  fall  in  the  systolic  blood  pressure  would  be  indicated  by  an  in- 
crease in  amplitude.  Such  a  reversal  in  the  effects  would  not  occur 
if  the  changes  in  the  amplitude  of  the  oscillations  were  due  to  pulse 
pressure  changes  or  to  extraneous  movements  of  the  body. 

The  records  made  with  this  low  pressure  in  the  sphygmomanometer 
(60  to  75  mm.  Hg.)  showed  very  often  a  decrease  in  the  amplitude  of 
the  oscillations  upon  applying  the  pressure  to  the  legs,  but  never  an 
increase.  On  releasing  the  compression,  an  increase  was  always  ob- 
served, indicating  that  the  effects  were  in  reality  due  to  changes  in 
blood  pressure  (fig.  4). 

Thus  there  can  be  no 
doubt  but  that  the 
changes  in  amplitude  of 
oscillations  noted  in  the 
continuous  blood  pres- 
sure record  actually  in- 
dicate changes  in  blood 
pressure.  Reading  the 
changes  of  amplitude  of 
oscillations  in  terms  of 
blood  pressure,  it  may 
therefore  be  concluded 
that  compression  of  the 

thighs  raises  the  arterial  blood  pressure,  while  decompression  has  the 
opposite  effect.  This  effect  is  the  more  pronounced  the  greater  the 
compression  pressure  used., 

Cai^e  of  the  blood  pressure  changes.  The  fact  that  the  changes  in 
oscillation  ampUtude  were  due  to  alterations  of  blood  pressure  having 
been  established,  the  inmiediate  cause  of  these  blood  pressure  changes 
was  next  sought.  Several  factors  had  to  be  taken  into  consideration 
in  this  connection.  In  the  first  place,  the  blood  pressure  might  be 
altered  by  vasomotor  reflexes  due  to  stimulation  of  the  skin  by  the 
sudden  application  and  removal  of  pressure  through  the  cuffs.  Again, 
the  blocking  of  the  venous  flow  which  takes  place  particularly  at  the 
lower  and  medium  pressures,  with  its  storing  up  of  blood  in  the  legs 
and  the  subsequent  infusion  of  this  blood  into  the  inferior  vena  cava 


Fig.  3.  Sphygmomanometric  record  to  illustrate 
the  principle  of  reversal.  Arrows  indicate  pressure 
slightly  below  S3rstoliC;  and  slightly  below  dias- 
tolic, respectively. 
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when  the  pressure  is  released  might  have  an  effect  on  the  general  arterial 
pressure.  Alterations  in  blood  pressure  might  also  result  from  changes 
in  the  caliber  of  the  arteries  and  hence  in  the  resistance  to  the  flow 
of  blood  through  them  brought  about  by  compression  and  decom- 
pression. 


Fig.  4.  Record  illustrating  reversal,  i,  Compression  pressure  (75  mm.  Hg.); 
B,  sphygmomanometric  record  from  left  arm;  S,  time  in  seconds. 

To  show  that  sensory  stimulation  and  reflexes  through  the  vaso- 
motor centers  effected  thereby  were  not  factors,  attempts  were  made 
to  supply  the  same  sensory  effects  while  protecting  the  femoral  artery 
and  vein  from  compression.  This  was  accomplished  by  protecting  the 
blood  vessels  of  the  thigh  from  compression  by  placing  beneath  the 
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euff  a  piece  of  stiff  wire  netting  bent  so  as  to  form  a  bridge  over  the 
vessels.  That  the  flow  through  the  thigh  vessels  was  by  this  means 
preserved  practicaUy  at  the  normal  level  was  indicated  by  the  fact 
that  there  was  little  or  no  increase  in  the  volmne  of  the  legs  when  the 
compressing  pressm'e  was  thrown  into  the  thigh.  Changes  in  am- 
plitude of  the  oscillations  in  the  sphygmomanometer  record  were  slight 
or  altogether  absent^  whereas  in  the  records  made  with  the  same  pres- 
sures but  without  the  protection,  the  changes  were  considerable. 

The  effect  of  removal  of  blood  from  and  addition  of  blood  to  the  gen- 
eral circulation  was  investigated  by  means  of  the  volmne  recorder 
which  was  connected  with  the  pleth3rBmograph.  A  compression  of 
10  to  20  mm.  had  no  effect  on  the  volume  of  the  leg,  excepting  in  one 
determination  where  a  very  slight  accumulation  of  blood  was  noted. 
Usually  accumulation  of  blood  began  to  occur  in  the  leg  at  30  mm.  Hg.^ 

The  increase  in  volume  of  the  1^  consequent  to  compression  is  slow 
at  low  compression  but  the  rate  increases  with  the  compressing  pressure 
until  it  reaches  approximately  80  mm.  Hg.  It  then  remains  fairly 
constant  until  1 10  mm.  is  reached.  Above  this  pressing  a  rapid  diminu- 
tion in  the  rate  of  increase  takes  place.  The  total  volume  increase  is 
greatest  at  70  to  110  mm.  pressure.  Above  110  mm.  the  rate  of  ac- 
cumulation of  the  blood  decreased  very  rapidly  with  increasing  com- 
pression, and  at  140  mm.  the  flow  of  blood  through  the  arteries  was 
completely  blocked.  It  is  thus  seen  that  the  blocking  of  the  arterial 
flow  in  the  leg  did  not  become  complete  imtil  the  compression  pressure 
had  risen  10  to  20  mm.  above  the  systolic  pressure  as  determined  in 
the  arm  (see  table  1  and  fig.  9,  p.  295).  This  is  probably  due  in  part 
at  least,  to  the  resistance  of  the  tissues  and  the  imperfect  transmis- 
sion of  the  compressing  pressure  through  them. 

The  plethysmograph  gave  information  with  regard  to  volume  changes 
in  the  foot  and  lower  leg.  Inasmuch  as  the  volume  of  both  legs 
from  the  position  of  the  cuffs  down  is  changing  it  therefore  seems 
justifiable  to  assume  that  the  tcftal  volume  change  is  roughly  four 

^  The  increase  in  volume  indicated  by  the  plethysmograph  under  the  influence 
of  low  compressing  pressiires  is  probably  much  too  small,  for  the  band  tubing 
employed  for  the  purpose  of  closing  the  plethysmograph  exerts  a  certain  amount 
of  pressure  on  the  leg.  This  will  cause  the  veins  in  the  part  of  the  leg  within  the 
l^ethysmograph  to  fill  with  blood  to  the  pressure  exerted  by  the  band  tubing 
when  a  balance  will  be  struck  between  inflow  and  outflow.  This  balance  will  be 
disturbed  by  compression  of  the  thigh  vessels  practically  only  when  this  compres- 
sion raises  the  venous  pressure  in  the  part  of  the  leg  without  the  plethysmo- 
graph above  the  venous  pressure  in  the  plethysmograph. 


Digitized  by 


Google 


300  B.  LANDIS  BLUOTT 

times  the  amount  indicated  by  the  recorder.  Hie  recorder  had  a 
maximum  capacity  of  40  cc.  In  miany  of  the  observations  this  capac- 
ity was  exceeded.  In  such  instances  we  are  justified  in  assuming  that 
the  total  accumulation  of  blood  in  the  legs  exceeded  160  cc. 

The  decrease  in  volume  of  the  leg  with  decompression  is  very  rapid 
Never  has  more  than  twelve  seconds  been  required  for  the  leg  to  at- 
tain its  initial  volume,  and  usually  by  far  the  greatest  part  of  the  blood 
has  left  the  leg  within  five  or  six  pulse  beats. 

It  may  be  assumed  for  reasons  given  above  that  decompression  at 
low  compressing  pressures  lets  into  the  circulation  a  very  much  larger 
volume  of  blood  than  the  figures  in  the  table  indicate.  Since  at  v^y 
low  compressing  pressures  (10  to  40  mm.  Hg.)  interference  with  arterial 
flow  is  certainly  a  negligible  factor  and  since  decompression  at  those 
pressures  causes  no  or  very  slight  alterations  of  arterial  pressure  it 
may  be  concluded  that  the  addition  to  the  general  circulation  of  more 
than  40  cc.  of  blood  in  the  course  of  two  or  three  seconds  is  handled 
without  affecting  the  general  blood  pressure. 

Mention  was  made  above  of  the  fact  that  compression  pressures  of 
40  to  50  mm.  Hg.  had  given  no  increase  of  the  oscillations  on  the 
sphygmomanometric  record.  Likewise  several  estimations  made  by 
the  auscultatory  method  failed  to  show  any  fall  in  the  pressure  result- 
ing from  occlusion  of  the  veins  alone.  It  would  therefore  seem  that 
in  man  the  withdrawal  of  more  than  64  cc.  of  blood  as  in  this  experi- 
ment does  not  affect  the  general  blood  pressure.  It  must  be  remarked, 
however,  that  these  pressures  are  not  those  at  which  the  maximimi 
accumulation  of  blood  in  the  legs  takes  place. 

Whether  the  removal  of  the  much  larger  volume  of  blood  that  occurs 
at  somewhat  higher  compression  pressures  causes  a  fall  of  blood  pres- 
sure we  have  not  been  able  to  determine  because  of  the  complication 
that  results  from  the  partial  occlusion  of  the  artery  that  then  takes 
place. 

Effect  of  low  compression  pressures  on  the  caliber  of  arteries.  If  the 
conclusion  is  correct  that  the  rise  in  general  arterial  pressure  consequent 
upon  the  application  of  compression  to  the  thighs  is  th^  result  of  an 
increase  in  arterial  resistance,  it  follows  that  such  low  compression 
pressures  as  50  or  60  mm.  Hg.  must  diminish  appreciably  the  caliber 
of  the  femoral  arteries,  otherwise  the  pressure  changes  determined  by 
these  slight  compressions  could  not  be  explained  on  the  basis  of  arterial 
resistance. 

That  low  compressing  pressures  materially  reduce  the  flow  through 
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an  artery  was  shown  by  a  direct  experiment  in  which  a  dog's  carotid 
artery  inserted  in  a  circulation  scheme  was  placed  in  a  compression 
chamber  by  means  of  which  any  desired  pressure  could  be  exerted  on 
the  artery.  Under  a  head  of  66  mm.  Hg.  salt  solution  was  allowed  to 
flow  through  the  artery  as  the  compression  pressure  was  lowered  in 
steps  from  68  mm.  Hg.  to  zero.  The  results  on  the  rate  of  flow  through 
the  artery  are  shown  in  table  2. 

If  we  assume  that  the  diastolic  pressure  in  man  is  as  in  this  experi- 
hient  66  nun.  Hg.,  it  is  obvious  that  even  so  slight  a  compression  as 
15  mm.  Hg.  may  result  in  a  22  per  cent  reduction  in  the  diastolic  flow, 
but  only,  of  course,  when  the  peripheral  resistance  is  very  low.  It  is 
also  obvious  that,  owing  to  the  duninution  in  the  extensibility  of  the 
artery  with  increasing  distention,  the  effects  of  compression  will  dimin- 

TABLE  2 

Flow  through  the  artery  at  different  compression  pressures 

Pressure  head   »  66  mm.  Hg. 


TBIAI.NO. 

ooMPBusiON  nr 

MM.  Ho. 

FLOW  m  OC.  PKB 
BBOONO 

OONDinON  or  ABTBBt 

1 

68 

0.0 

Artery  closed 

2 

63 

0.38 

Artery  open 

3 

58 

1.00 

Artery  open 

4 

54 

1.5 

Artery  open  wider 

5 

41 

3.4 

Artery  open  wider 

6 

28 

4.96 

Artery  open  still  wider 

7 

15 

6.92 

Artery  open  still  wider 

8 

6 

8.08 

Artery  almost  full 

9 

0 

8.84 

Artery  wide  open 

ish  with  the  increase  in  arterial  pressiire.  As  the  result  of  this  experi- 
ment we  believe  that  the  application  of  pressures  less  than  diastolic 
to  a  limb  may,  imder  certain  circumstances. have  a  considerable  effect 
upon  the  caliber  of  the  artery  of  that  limb  and  therefore  upon  the  resist- 
ance to  the  flow  of  blood  through  the  artery.  This  fact  may  have 
some  bearing  on  the  Hewlett  method  of  determining  the  velocity  of  the 
blood  flow  in  man. 

Attempt  to  diasQciate  arterial  from  venous  effects.  The  method  de- 
scribed above  having  failed  to  show  any  marked  changes  in  blood  pres- 
sure resulting  from  occlusion  of  the  veins  alone,  the  attempt  was  made 
to  differentiate  arterial  resistance  effects  from  those  due  to  the  outflow 
of  accumulated  blood  from  the  l^s  during  decompression.    A  high 
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compressing  pressiire,  140  mm.  Hg.,  imder  which  no  blood  accumulated 
in  the  leg,  was  applied  for  fifteen  seconds,  then  released  and  the  effect 
noted.  Now  a  low  pressure,  70  mm.  Hg.,  was  applied  for  thirty 
seconds  with  its  consequent  damming  back  of  blood  in  the  legs,  and 
was  immediately  followed  by  a  high  pressure,  140  mm.  Hg.,  for  fifteen 
seconds.  This  pressure  was  then  released  suddenly  so  as  to  produce 
the  first  effect  plus  an  outflow  of  accumulated  blood.  The  first  pro- 
cedure was  then  repeated.  These  experiments  were  repeated  several 
times,  var3ang  the  time  intervals.  No  characteristic  difference  could 
be  observed  between  the  effect  of  a  high  compression  alone  and  that 
of  the  same  compression  for  the  same,  length  of  time  preceded  by  a 


Fig.  5.  Efifect  on  arterial  blood  pressure  of  occlusion  of  inferior  vena  cava 
(cannula  in  carotid).    Arrows  indicate  moment  of  occlusion. 

low  compression.  These  experiments  seem  to  confirm  the  conclusion 
reached  by  the  analysis  of  preceding  results  that  the  accumulation  of 
blood  in  the  l^s  and  its  sudden  return  to  the  circulation  is  not  an  im- 
portant factor  in  the  circulatory  phenomena  of  compression  and  de- 
compression of  arteries  and  veins. 

Results  with  animals  An  experiment  was  then  performed  on  a 
rabbit  for  the  purpose  of  determining  the  effect  of  these  or  at  least 
similar  procedures  in  animals.  The  abdomen  was  opened  under  ether 
anaesthesia,  a  ligature  was  passed  around  the  inferior  vena  cava  just 
above  the  junction  of  the  common  iliac  veins,  another  around  the 
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abdominal  aorta,  and  a  third  around  both  vessels.  The  two  ends  of 
each  ligature  were  drawn  through  a  glass  tube  so  that  by  pulling  upon 
the  projecting  ends  the  vessel  could  be  conveniently  occluded.  Upon 
compression  of  the  vena  cava  the  arterial  pressure  was  observed  to 
fall  6  mm.  diiring  the  compression,  somewhat  more  rapidly  at  first. 
Upon  decompression  the  arterial  pressure  returned  somewhat  more 
rapidly  to  normal  (fig.  5).  Occlusion  of  the  abdominal  aorta  caused 
the  blood  pressure  to  mount  at  first  rapidly,  then  more  slowly.  The 
total  rise  was  10  inm.  Hg.  On  decompression,  the  blood  pressure  fell 
rapidly  to  a  point  below  normal  and  then  slowly  returned  to  normal 
(fig.  6).  Compression 
of  both  vessels  to- 
gether caused  an  effect 
resembling  that  due  to 
compression  of  the 
aorta  alone.  It  dif- 
fered from  it  sUghtly 
in  that  there  was  a 
small  rapid  rise  in 
pressure  followed  by  a 
fall,  then  a  slow  rise 
until  decompression, 
which  was  followed  by 
a  fall  in  the  blood 
pressure,  a  little  slower 
than  that  due  to  aortic 
decompression,  to  a 
point  below  normal, 
then  a  slow  return  to 
normal  (fig.  7).    The 

total  rise  in  this  latter  case  amoimted  to  6  nmi.  Hg.  The  results  ob- 
tained upon  compression  of  the  aorta  alone  and  of  the  aorta  and  vena 
(^va  together  are  similar  to  those  obtained  upon  aortic  compression  by 
Colson  (2)  in  the  dog  and  by  Sollmann  and  Pilcher  (3)  in  the  dog  and  cat. 
Considered  in  the  light  of  this  experiment,  the  effects  observed  in 
man  can  be  explained  in  the  main  as  due  to  changes  in  arterial  resist- 
ance. They  may  also  have  been  affected,  to  some  extent,  by  the  block- 
ing of  the  venous  flow,  the  accumulation  of  blood  in  the  legs,  and  its 
subsequent  discharge  into  the  circulation.  Thus  the  delayed  rise  of 
pressure  on  compression  with  the  lower  pressures  may  as  in  animals 


^^^mntmninTTiT 


Fig.  6.  Effect  on  arterial  blood  pressure  of  occlu- 
sion of  abdominal  aorta.  Arrow  indicates  moment 
of  occlusion. 
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be  due  to  venous  obstruction,  and  the  smaller  fall  in  pressure  due  to 
decompression  may  be  the  result  of  the  entrance  of  the  accumulated 
blood  into  the  system  from  the  legs. 

Effect  of  compression  and  decompression  upon  the  heart  rate.  To 
determine  the  effect  of  compression  and  decompression  upon  the  rate 
of  the  heart,  35  records  were  examined.  Hie  compression  pressures 
used  in  these  records  ranged  between  55  and  130  mm.  Hg.  Ten  differ- 
ent periods  consisting  of  five  pulses  each  were  examined  in  each  record. 
These  periods  were  so  selected  that  the  rate  of  the  heart  could  be  cal- 


Fig.  7.  Effect  on  arterial  blood  pressure  of  occlusion  of  both  abdominal  aorta 
and  inferior  vena  cava.    Arrow  indicates  time  of  occlusion. 

culated  immediately  before  the  applicatiou  of  pressure,  inmiediately 
afterward,  midway  between  the  application  and  release  of  the  pressure, 
immediately  before  and  after  release  of  pressure,  and  at  the  end  of  the 
record.  The  heart  rate  was  determined  by  coimting  the  number  of 
seconds  in  which  the  group  of  five  pulse  beats  occurred. 

Compression  was  followed  by  slowing  of  the  heart  rate  in  55  per 
cent  of  the  cases,  no  change  in  25  per  cent  and  some  acceleration  in 
20  per  cent.  Decompression  was  followed  by  acceleration  of  the  heart 
rate  in  60  per  cent  of  the  cases,  no  change  in  20  per  cent,  and  slowing 
in  20  per  cent. 
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Inasmuch  as  the  rate  must  be  calculated  for  very  short  periods, 
not  over  five  seconds,  it  is  obvious  that  not  infrequently  such  changes 
in  heart  rate  as  may  be  caused  by  compression  and  decompression 
will  be  obscured  by  such  concurrent  changes  in  heart  rate  as  occur  in 
association  with  respiration,  deglutition  and  similar  processes.  It  is 
not  surprising  that  the  effect  of  compression  and  decompression  on  the 
heart  rate  is  seemingly  not  always  the  same.  The  figures  obtained 
therefore  leave  little  room  for  doubting  that  compression  retards  and 
decompression  accelerates  the  heart  rate. 

A  few  records  were  made  with  the  kymograph  moving  at  such  a  rate 
as  to  make  possible  the  determination  of  the  duration  of  each  individual 
pulse.  The  results  obtained  in  this  way  are  essentially  the  same  as 
those  just  mentioned.  In  addition,  they  show  that  the  changes  in 
the  duration  of  the  cardiac  cycle  follow  immediately  upon  the  changes 
of  compression  pressure. 

The  slowing  of  the  heart  beat  upon  compression  can  hardly  be 
ascribed  to  anything  but  the  rise  of  arterial  pressiire  due  to  the  increase 
in  the  arterial  resistance.  The  acceleration  observed  following  de- 
compression can  most  satisfactorily  be  explained  as  due  to  the  sudden 
fall  of  arterial  pressure  due  to  diminution  in  peripheral  resistance, 
although  the  flow  of  the  blood  accumulated  in  the  legs  into  the  central 
venous  system  might  conceivably  play  a  part,  especially  as  Bainbridge 
(4)  has  shown  that  the  injection  of  blood  or  salt  solution  into  the  cir- 
culation of  dogs,  raising  the  venous  pressure,  is  associated  with  accelera- 
tion of  the  heart,  due  to  the  increased  venous  pressure. 

ObaervcUiona  an  a  case  of  femoral  arteriovenous  aneurysm.  The 
opportunity  presented  itself  of  making  some  observations  on  a  case  of 
arterio-venous  aneiirysm  in  the  Barnes  Hospital  which  have  a  very 
direct  bearing  on  the  questions  this  paper  deals  with.  A  communica- 
tion existed  between  the  right  femoral  artery  and  vein.  The  effect  of 
closing  and  opening  the  communication  on  the  arterial  pressure  was 
determined.  This  was  done  by  appl3ring  pressure  over  the  site  of  the 
conununication  with  the  fingers  while  a  continuous  blood  pressiire 
record  was  being  made  with  the  Erlanger  sphygmomanometer.  The 
effect  of  closure  came  on  within  one  or  two  heart  beats  and  consisted 
in  a  tremendous  rise  of  blood  pressure  and  a  slowing  of  the  pulse  rate 
(fig.  8).  The  blood  pressure  as  determined  by  the  auscultatory  method 
rose  in  one  experiment  from  128  to  180  nmi.  Hg.  Opening  the  com- 
munication caused  a  fall  in  blood  pressure  and  an  acceleration  of  the 
heart  and  restored  the  original  conditions. 
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It  is  evident  that  in  closing  the  communication  we  are  shutting  off 
the  easy  path  of  the  blood  into  the  veins  and  hence  back  to  the  heart, 
thus  relieving  the  heart  and  indeed  the  entire  venous  S3r8tem  of  an 
abnormally  high  pressure.  At  the  same  time  the  peripheral  resistance 
is  greatly  increased.  Opening  the  communication,  of  course,  has  the 
opposite  effects.  It  seems  fair  to  conclude  that  the  changes  in  blood 
pressm'e  here  observed  must  be  due  to  the  changes  in  arterial  resist- 
ance, as  there  seems  to  be  no  reason  for  believing  that  reducing  the  ve- 
nous pressure  and,  for  a  time  at  least,  the  volume  of  blood  supplied  to 

the  heart  would  cause  the  arterial 
pressure  to  rise  (5). 

The  slowing  of  the  heart  rate  ob- 
served on  closing  the  arterio-venous 
opening  was  probably  due  to  stimu- 
lation of  the  vagus  center  by  the 
increased  pressiu-e,  for  at  the  opera- 
tion after  the  patient  had  received 
atropine  sulphate,  there  was  no 
marked  change  in  rate  when  the 
conmiunication  between  femoral 
artery  and  vein  was  ligated.  Some 
time  after  the  operation,  however, 
the  heart  rate  slowed  down  to  about 
70  beats  per  minute,  having  been 
95  per  minute  before  it. 

The  phenomena  ob6^*ved  in  this 
case  agree  with  those  observed  in 
the  experiments  in  man  and  also 
in  the  rabbit.  They  may  all  be 
explained  in  the  main,  at  least,  on 
the  basis  of  changes  in  arterial  resistance. 

Compression  of  the  arm.  In  order  to  determine  whether  or  not  com- 
pression of  the  arm  as  in  making  blood  pressing  determinations  affects 
the  general  blood  pressure,  the  cuff  of  the  sphygmomanometer  was 
placed  on  the  left  arm  and  a  continuous  blood  pressure  tracing  made 
while  different  pressures  were  applied  to  the  right  arm  through  another 
similar  cuff.  Pressures  of  60  to  140  mm.  Hg.  were  employed.  No 
effects  were  observed.  The  results  were  such  as  to  indicate  that  the 
changes  in  blood  pressiu-e  resulting  from  the  application  of  such  a  cuff 
to  one  arm,  if  they  exist,  are  negligible. 


Fig.  8.  Sphygmomanometric  record 
from  case  of  femoral  arterio-venous 
aneurysm  during  closure  and  opening 
of  the  communication.  Closed  at  a 
and  opened  at  6. 
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SUMMARY 

The  effect  of  the  occlusion  of  blood  vessels  upon  the  general  blood 
pressure  has  been  studied  in  man. 

Circular  compression  of  the  thighs  causes  a  rise  in  blood  pressure, 
larger  and  more  immediate  at  the  higher  than  at  the  lower  compressions. 
This  is  due  to  the  increase  in  arterial  resistance,  modified  somewhat 
at  the  lower  compression  pressures  by  the  venous  effect.  The  heart 
rate  is  somewhat  slowed. 

Decompression  of  the  thighs  causes  a  fall  in  blood  pressure,  more 
immediate  and  more  profound  than  the  rise  due  to  compression.  This 
effect  is  likewise  more  marked  at  the  higher  compression  pressures 
and  is  modified  sUghtly  by  the  venous  accumulation  in  the  legs.  The 
heart  rate  is  somewhat  accelerated. 

The  removal  from  the  circulation  of  man  of  64  cc.  of  blood  does 
not  change  appreciably  the  arterial  pressiire. 

A  sUght  external  pressure,  even  less  than  the  diastolic  pressiire,  upon 
an  artery  may  under  certain  circumstances  materially  diminish  the 
flow  through  it. 

These  results  are  in  agreement  with  those  obtained  in  the  rabbit 
in  so  far  as  the  arterial  pressure  is  concerned,  and  in  so  far  as  it  is 
possible  to  duplicate  in  man  the  conditions  of  an  animal  experiment. 

The  results  of  the  experiments  in  man  and  in  the  rabbit  in  so  far 
as  the  arterial  blood  pressure  is  concerned,  are  borne  out  by  some 
observations  on  a  case  of  femoral  arterio-venous  aneurysm. 

The  work  was  imdertaken  at  the  suggestion  of  Dr.  Joseph  Erlanger, 
and  I  wish  to  express  my  indebtedness  to  him  for  his  advice  and  criti- 
cism during  the  preparation  of  this  paper. 
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The  ocular  and  other  phenomena  which  present  themselves  after 
miilateral  extirpation  of  ibe  otic  labyrinth  in  the  adult  cat  and  dog 
have  been  worked  out  in  considerable  detail  by  Wilson  and  Pike  (1). 
These  authors  have  foimd  that  immediately  after  recovery  from  the 
anesthetic,  there  is  deviation  of  the  eyes  toward  the  side  of  the  lesion, 
accompanied  by  nystagmus.  This  n3rstagmus,  which  is  due  in  great 
part  to  the  unbalanced  activity  of  the  intact  labyrinth,  consists  of 
two  phases:  a  slow  deviation  of  the  eyes  to  the  side  of  the  lesion,  fol- 
lowed by  a  quick  return  to  the  initial  position. 

These  ocular  movements  do  not  differ  appreciably  from  those  ob- 
served when  the  head  is  rotated  in  space  and  can  be  especially  well 
studied  in  the  post-rotatory  period,  in  man  as  well  as  in  certain  other 
mammals.  With  the  head  in  the  vertex  upward  position  there  is  a 
relatively  slow  deviation  of  the  eyes  in  the  direction  of  the  preceding 
rotation  with  a  quick  return  to  the  midline.  In  an  extensive  study 
of  labyrinthine  ocular  movements  in  man,  Bartels  and  Ziba  (2) 
found  that  in  the  sleeping  newborn  and  in  prematurely  born  children 
(up  to  the  seventh  or  eighth  month)  rotation  of  the  head  in  space  does 
not  produce  n3rstagmus.  There  is,  however,  a  deviation  of  the  eyes 
opposite  to  the  direction  of  rotation  during  the  rotatory  period.  On 
cessation  of  rotation  the  eyes  return  slowly  to  the  position  of  rest. 

As  the  study  of  the  ocular  movements  following  unilateral  removal 
of  the  labyrintli  has  been  confined  to  fully  grown  mammals,  the  obser- 
vations of  Bartels  and  Ziba  at  once  suggest  the  study  of  these  eye 
movements  in  very  young  animals  imder  the  same  experimental  con- 
ditions. 

Method.  The  experiments  were  performed  on  kittens  rangmg  in 
age  from  six  dajrs  to  seven  weeks.    The  labyrinth  was  removed  under 


Digitized  by 


Google 


EXPERIMENTS  ON  OTIC  LABYRINTHS  IN   KITTENS  309 

aseptic  conditions  according  to  the  method  described  by  Wilson  and 
Pike  (1).  Great  care  was  taken  not  to  injure  the  cerebellum  or  cere- 
tmim  and  cases  showing  such  injury  were  eliminated  from  the  series. 
In  all  cases  the  labyrinthine  operation  was  preceded  by  rotation  experi- 
ments. The  animals  were  rotated  about  their  ventro-dorsal  axis  by 
means  of  a  turn  table. 

Experiment  I,    Kitten  six  days  old 

Palpebral  membraneB  intact,  but  tore  readily  on  forcible  separation  of  the 
eyelids.  Eyes  midway  between  normal  and  embryonic  position,  i.e.,  with  axes 
of  vision  markedly  divergent.  The  animal  crawls  about  unsteadily  with  limbs 
outstretched  and  with  claws  extended.  When  placed  on  its  side,  the  animal 
returns  to  the  standing  position  slowly  and  with  apparent  difficulty. 

During  the  rotatory  period,  the  head  moves  slightly  opposite  to  the  direction 
of  rotation.  In  the  post  rotatory  period,  the  head  returns  slowly  to  the  mid 
line.    No  perceptible  deviation  of  the  eyes.    No  nystagmus. 

Right  otic  labyrinth  removed  under  ether.  Slight  torsion  of  the  head  with 
occiput  to  right.  No  appa^nt  changes  in  equilibration.  No  appreciable  change 
i  n  the  position  of  the  eyes.  No  nystagmus.  This  animal  was  kept  under  observa- 
tion for  36  hours.  No  changes  were  noted  during  this  period.  Death  on  the 
second  day  after  the  operation.  Death  in  this  case  is  attributed  to  exposure  and 
inanition*  as  the  mother  avoided  and  refused  to  nurse  the  kitten  following  the 
operation.    No  signs  of  infection  about  operative  wound. 

Experiment  II.    Kitten  ten  days  old 

Eyes  open  for  the  last  24  hours.  Walks  about  unsteadily  with  limbs  out- 
stretched, otherwise  equilibration  fair. 

During  the  rotatory  period  the  head  moves  opposite  to  the  direction  of  rota- 
tion. During  the  post  rotatory  period  the  head  moves  in  the  direction  of  the 
preceding  rotation  for  a  few  seconds,  and  then  returns  to  the  mid  line  with  slow 
oscillatory  movements.  The  eyes  oscillate  irregularly  in  a  position  of  deviation 
in  the  direction  of  the  precedhig  rotation.  This  effect  is  temporary,  the  eyes 
returning  slowly  to  the  position  of  rest.  These  oscillations  do  not  present  the 
alternating  slow  and  rapid  phases  of  well  developed  labyrinthine  nystagmus. 

(Another  kitten  10  days  old  from  the  same  litter,  presented  a  slow  post-rota- 
tory nystagmus,  about  6  cycles  per  minute,  with  the  slow  phase  in  the  direction' 
of  the  preceding  rotation.  The  quick  phase  was  not  well  marked,  being  only 
slightly  more  rapid  than  the  slow  phase.  The  head  reactions  did  not  differ  in 
any  respect.) 

Left  otic  labyrinth  removed.  On  recovery  from  the  anesthetic  there  is  marked 
torsion  of  the  head  (occiput  to  left).  Practically  no  disturbances  of  equilibrium. 
The  eyes  deviate  to  the  side  of  the  lesion  (fig.  1).  No  oscillation  or  nystagmus. 
At  the  end  of  4S  hours,  position  of  head  unchanged.  Eyes  still  deviate  to  side 
of  lesion,  although  the  right  pupil  has  shifted  slightly  toward  the  mid  line.  On 
the  third  day  following  the  operation,  this  kitten  was  devoured  by  its  mother. 
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Experiment  III.    Kitten  two  weeks  old 

Weight  220  grams.  Slight  unsteadiness  of  gait.  In  the  post-rotatory  period  the 
head  is  carried  in  the  direction  of  preceding  rotation  for  a  few  seconds  and  then 
returns  to  the  mid  line..  Irregular  oscillations  of  the  eyes,  for  a  few  seconds,  in 
a  position  of  slight  deviation  in  direction  of  preceding  rotation. 

June  If  1916f  9.55  a.m.    Left  labyrinth  removed. 

10.$0  a.m.  Marked  torsion  of  head,  occiput  pointing  to  left.  Animal  shows 
tendency  to  fall  to  left  side  in  walking.  Eyes  deviate  to  left  and  down  (fig.  2), 
hut  no  nystagmus. 

10.90  a.m.  At  rare  intervals  slight  oscillations  of  the  eyes  but  no  distinct 
nystagmus.  Lateral  nodding  movements  of  head,  slow  to  left,  more  rapid  to 
right. 

/ 


a>  qt' 


Fig.  1 


Fig.  2 


Fig.  3 

June  2.  E3re  positions  unchanged.  No  oscillations  or  nystagmus.  Torsion 
of  head  as  before.  Equilibrium  disturbances  have  disappeared  to  a  great  extent. 
When  placed  on  its  left  side,  the  animal  experi^ces  difficulty  in  regaining  the 
standing  position.    This  is  not  the  case  when  it  is  placed  on  its  right  side. 

June  4-  Equilibrium  disturbances  absent.  Torsion  of  head  unchanged.  No 
ocular  movements.  Deviation  greatly  diminished,  especially  of  the  right  eye 
(fig.  3). 

June  5.  Ocular  deviation  has  entirely  disappeared.  Torsion  of  head  as 
marked  as  before. 

June  7.    No  change  in  behavior  of  animal  since  June  5. 

Experiment  IV.    Kitten  three  weeks  old. 

Weight  275  grams.  During  rotation  animal  turns  about  its  dorso-ventral 
axis  away  from  the  direction  of  rotation.    The  neck  also  bends  in  the  same  di- 
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rection.  During  the  post  rotatory  period,  there  is  turning  of  the  body  about  its 
dorso-ventral  axis  and  bending  of  the  neck  in  the  direction  of  preoeding.ro tation. 
Slow  post-rotatory  nystagmus  appears  after  a  latent  period.  Slow  phase  in 
direction  of  preceding  rotation  and  quick  return  in  the  opposite  direction. 

August  £8,  1916,  10  a.m.    Left  labyrinth  removed. 

$  p.m.  Animal  shows  tendency  to  turn  about  its  dorso-ventral  axis  toward 
the  side  of  the  lesion.  Occasionally  falls  in  the  same  direction.  Coarse  vertical 
tremor  of  head.  Marked  torsion  of  head,  occiput  pointing  toward  the  side  of 
the  lesion.  Deviation  of  eyes  in  the  direction  of  the  lesion.  At  rare  intervals 
slow  oscillations  of  eyes  or  doubtful  very  weak  nystagmus.  When  these  move- 
ments appear  the  eyes  oscillate  about  once  every  ten  seconds. 

August  B9.  Disturbances  of  equilibrium  have  entirely  disappeared.  Eye 
on  the  intact  side  shows  slight  decrease  of  deviation. 

August  SL  Deviation  of  eyes  unchanged  since  last  note.  No  ocular  oscil- 
lations. 

September  9:  Observations  since  August  31  show  progresssive  diminution  of 
deviation. 

September  11.  Deviation  has  entirely  disappeared.  Torsion  of  head  un- 
changed. 

Experiment  V.    Kitten  three  voeeks  old 

Weight  266  grams.  Animal  shows  distinct  but  slow  post-rotatory  n3rstagmu8 
and  the  same  general  reactions  as  observed  in  kitten  of  Experiment  IV. 

June  B5,  1916,  S  p.m.  Right  labyrinth  removed.  On  recovery  from  the 
anesthetic  the  animal  presents  marked  torsion  of  the  head,  occiput  pointing  in 
the  direction  of  lesion.  Marked  deviation  of  eyes  to  side  of  lesion  with  very 
slow  but  distinct  and  irregular  nystagmus. 

June  $6.  Torsion  of  head  unchanged.  Deviation  of  eyes  as  before  with  slow 
nystagmus.  The  latter  is  often  interrupted,  the  eyes  remaining  in  the  deviated 
position.    Slight  locomotor  disturbances. 

June  B8.  Locomotor  disturbances  have  entirely  disappeared.  Torsion  of 
head  unchanged.  Deviation  of  eyes  not  as  marked  as  at  last  observation.  Nys- 
tagmus has  entirely  disappeared.  The  eyes  follow  moving  objects  readily  to 
the  right  but  not  to  the  left.  There  is  absolute  inability  to  turn  the  eyes  past 
the  mid  line  in  the  direction  opposite  to  the  operated  side. 

June  29.  Deviation  of  eyes  has  entirely  disappeared,  but  inability  to  turn 
the  eyes  past  the  mid  line  to  left  remains. 

Experiment  VI.    'Kitten  three  weeks  old 

Weight  283  grams.  Rotation  tests  elicit  the  same  symptoms  described  under 
Experiments  IV  and  V. 

June  tS,  1916.  Right  labyrinth  removed.  Torsion  of  head  to  right.  Nys- 
tagmus and  deviation  as  in  Experiment  V.  This  animal  however,  showed  practi- 
cally no  equilibrium  disturbances.  Lateral  oscillations  of  the  head  occur  at  inter- 
vals of  about  five  seconds.  These  head  movements  are  slow  toward  the  lesion 
but  rapid  and  violent  in  the  opposite  direction. 

Junet6.  Torsion  of  head  unchanged.  Deviation  of  eyes  to  side  of  lesion 
with  occasional  appearance  of  nystagmus  at  irregular  intervals.    The  eyet 
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move  slowly  to  the  side  of  the  lesion  and  return  to  the  mid  line  distinctly  faster. 
During  the  quiescent  period  the  eyea  remain  in  the  position  of  deviation.  Oscil- 
lations of  head  now  occur  at  rare  intervals. 

From  the  26th  to  the  29th  of  June  this  animal  displayed  exactly  the  same 
symptoms  as  the  kitten  of  Experiment  V  during  the  corresponding  dates. 

Experiment  VII.    Kitten  four  weeks  old 

Usual  responses  to  rotation.  Post  rotatory  nystagmus  of  moderate  speed. 
As  in  the  kitten  of  three  weeks  there  is  a  distinct  latent  period,  unusually  marked 
in  this  case,  before  the  appearance  of  nystagmus.  This  latency  will  be  referred 
to  later. 

September  4,  1916,  10  a.m.    Left  labyrinth  removed. 

/  p.m.  Marked  torsion  of  head  and  bending  of  neck  to  the  side  of  the  lesion. 
Occasional  rapid  oscillations  of  the  head  in  the  same  direction,  with  slow  return 
to  the  mid  line.  The  animal  moves  about  without  difSculty,  although  there  is  a 
tendency  to  walk  in  a  curve  toward  the  left.  Deviation  of  the  eyes  to  the  side 
of  the  lesion  with  slow  but  very  distinct  nystagmus  (four  to  six  oscillations  per 
minute). 

September  5.  Very  slight  tendency  to  turn  to  the  left  in  walking  renuuns. 
Torsion  of  the  head  as  before.  Slow  nystagmus  present  (about  five  oscillations 
per  minute).  The  e3res  move  rather  slowly  to  the  mid  line  and  after  a  few  seconds 
return  very  slowly  to  the  position  of  greatest  deviation. 

September  6.  Nystagmus  has  entirely  disappeared.  Otherwise,  no  change 
since  last  note. 

September  9,  Deviation  of  the  eyes  has  diminished  gradually  since  September 
8.  The  eyes  are  now  in  the  mid  line  position,  but  there  is  apparent  inability  to 
turn  the  eyes  to  the  extreme  right. 

Experiment  VIII ,    Kitten  five  weeks  old 

Post  rotatory  motor  disturbances  and  nystagmus  well  marked.  The  latter  is 
rapid  and  occurs  immediately  after  cessation  of  rotation. 

September  11  ^  1916,  5  p.m.    Left  labyrinth  removed. 

September  12,  8  a.m.  Marked  torsion  of  the  head  to  the  side  of  the  lesion. 
Animal  turns  to  the  left  in  walking.  Oscillations  of  the  head  similar  to  those 
seen  in  the  kitten  of  Experiment  VII.  Deviation  of  the  e3res  to  the  side  of  the 
lesion  and  nystagmus  well  marked.    Rate  of  nystagmus:  15  per  minute. 

5  p.m.  Nystagmus  appears  at  irregular  intervals.  Rate  unchanged  during 
active  periods.    Deviation  of  the  eyes  unchanged. 

September  IS.  Very  slight  deviation  of  the  eyes  remains.  No  nyetagmufi. 
Torsion  of  head  unchanged. 

September  14-  Deviation  of  the  eyes  has  entirely  disappeared.  There  is, 
however,  inability  to  turn  the  eyes  past  the  mid  line  in  the  direction  opposite 
to  the  side  of  the  lesion.    Torsion  of  the  head  unchanged. 

September  15.    No  change  since  last  note. 

Experiment  IX.    Kitten  seven  weeks  old 

Reactions  to  rotation  as  seen  in  full  grown  cats.  Rapid  nystagmus  and  vio- 
lent  compensatory  movements. 
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/tme  If  191S,  S  p.m.  Left  labyrinth  removed.  Immediately  after  recovery 
from  the  anesthetic,  torsion  of  the  head  to  the  side  of  the  lesion  appears.  Devia- 
tion of  the  eyes  to  the  side  of  the  lesion  with  very  rapid  typical  labyrinthine 
njrstagmus.  Tendency  to  turn  to  the  left  side  in  walking.  Occasionally  falls 
to  the  left.  The  head  is  carried  violently  to  the  right  and  then  returns  to  the 
extreme  left  by  a  series  of  rapid  oscillations. 

June  M.  The  nystagmus  has  diminished  in  rate  and  is  now  interrupted  by 
quiescent  periods  when  only  slight  deviation  remains.  When  the  animal's 
attention  is  fixed,  n3rstagmus  is  absent  for  a  period  of  40  to  120  seconds.  Other- 
wise, the  nystagmus  movements  occur  in  groups  at  intervals  of  about  10  seconds. 

June  8.  Nystagmus  now  occurs  at  infrequent  intervals.  Deviation  of  the 
eyes  has  almost  disappeared.  The  animal  seems  unable  to  turn  the  eyes  to  the 
extreme  right,  i.e.,  in  the  direction  opposite  to  the  lab3rrinthine  lesion.  Oscil- 
lations of  the  head  are  now  infrequent,  and  much  less  violent  in  character. 

June  4.  Deviation  of  the  eyes,  n3r8tagmu8  and  oscillations  of  the  head  have 
disi^>peared. 

This  animal  was  kept  under  observation  for  almost  two  months  (until  July 
28).  The  inability  to  turn  the  eyes  to  the  extreme  right  and  the  torsional  effect 
on  the  head  were  the  only  persisting  symptoms,  as  noted  in  several  other  animals. 
The  torsion  of  the  head  in  the  direction  of  the  lesion  has  been  shown  to  result 
from  loss  of  tonus  in  the  cervical  musculature  on  the  side  of  the  lesion  (3).  In 
view  of  this  fact,  the  inability  to  turn  the  eyes  to  the  canthi  opposite  to  the  side 
of  the  labyrinthine  lesion,  suggests  the  possibility  of  an  asthenia  in  the  recti 
muscles  contralateral  to  the  injury. 

SUMBfABY 

Rataiian  experiments. 

The  reactions  observed  during  the  rotatory  and  po6t-rotator>' 
periods  increase,  up  to  a  certain  limit,  proportionally  to  the  age  of 
the  aniinals.  Kittens  up  to  the  second  week  after  birth  present  only 
head  and  neck  movements.  After  the  third  week  the  animal  reacts 
bodily,  turning  on  its  ventro-dorsal  axis.  These  general  reactions 
increase  progressively  until  the  seventh  week,  at  which  time  the 
Ix^havior  does  not  differ  appreciably  from  that  of  the  fully  grown  cat. 
As  a  whole,  these  reactions  seem  to  progress  pari  passu  with  the 
development  of  equilibration. 

Progressive  changes  are  also  seen  in  the  ocular  reactions.  During 
the  first  two  weeks  after  birth,  the  ]x>st-rotatory  n3rstagmus  is  either 
absent,  or  when  present,  of  a  slow  and  irregular  t3rpe.  At  the  third 
week  well  defined  lab3rrinthine  nystagmus  first  becomes  evident,  the 
slow  and  rapid  phases  being  distinguished  without  difficulty.  Hie 
rate  of  n3nBtagmus,  slow  in  the  younger  animals,  increases  progressively 
untU  the  fifth  to  the  seventh  week,  when  it  does  not  materially  differ 
from  the  post-rotatory  nystagmus  of  the  fully  grown  animal. 
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In  animals  of  three  to  four  weeks,  the  post-rotatory  nystagmus  is 
preceded  by  a  latent  period.  For  a  few  seconds  after  cessation  of 
rotation  the  eyes,  fixed  in  the  median  position,  present  a  fine  and  very 
rapid  horizontal  tremor.  The  onset  of  nystagmus  then  occurs  suddenly, 
the  transition  being  extremely  striking. 

The  following  table  shows  the  results  obtained  with  a  full  grown 
cat,  a  five-week-old  kitten,  and  one  of  four  weeks,  in  which  this  latency 
was  unusually  pronounced.  The  animals  were  suspended  by  a  string 
tied  just  below  the  fore  limbs,  and  rotated  at  approximately  the  same 
speed.  It  will  be  noted  that  the  latent  period  is  absent  in  the  older 
animals. 


TABLE  1 


Kitten,  Experiment  VII,  four  weeks  old. 


Kitten,  Experiment  VIII,  five  weeks  old. 


Full  grown  cat. 


DIBBCTION 
OF  ROTA- 
TION 


To  left 
To  right 
To  left 
To  right 

To  right 
To  left 
To  right 
To  left 

To  right 
To  left 
To  right 
To  left 


PBBIOD 
OF  RO- 
TATION 


Beoonda 

7 

8 

7 
8 

6 

9 

8 

10 

9 

8 

8 

10 


LA- 
IBNCT 


omu- 

TIONOr 

WT»- 
TAQMYTS 


second* 

7 
6 

8 
8 

0 
0 
0 
0 

0 
0 
0 
0 


aeoond 

9 
10 
10 
10 

8 
19 
23 
18 

9 

7 
8 
9 


The  effects  of  unilateral  removal  of  the  otic  labyrinth 

Torsion  of  head.  With  the  exception  of  the  six-day-old  kitten  in 
which  the  torsion  of  the  head  to  the  side  of  the  lesion  was  slight,  all 
the  animals  of  the  series  presented  torsion  which  did  not  differ  from 
that  seen  in  the  full  grown  animals.  This  torsional  effect,  as  shown 
by  Wilson  and  Pike  (1)  is  permanent.  The  kitten  of  Experiment  IX, 
kept  under  observation  for  two  months,  showed  no  appreciable  change 
in  the  posture  of  the  head.  As  this  torsion  is  due  to  impaired  tonus  of 
the  cervical  musculature  on  the  side  oif  the  lesion  (3),  the  absence  of 
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marked  torsion  in  the  six-day-kitten  may  be  attributed  to  late  myel- 
ination  of  the  labyrinthine  tonus  paths. 

Equilibrium,  The  general  disturbances  of  equilibrium  followinjj; 
removal  of  the'  labyrinth,  as  in  the  rotation  experiments,  increase  pro- 
gressively with  the  age  of  the  animals.  As  a  whole  the  intensity  of 
these  symptoms  is  proportional  to  the  developmental  stage  of  the 
fimction  of  equiUbration.  Up  to  the  sfecond  week  after  birth,  these 
reactions  are  confined  mainly  to  movements  of  the  head.  From  the 
second  week  on  equiUbration  disturbances  of  the  body  appear,  wliich 
become  progressively  more  violent  imtil  between  the  fifth  and  the 
seventh  week,  when  these  reactions  are  identical  to  those  obtained 
in  the  fully  grown  cat.  The  equilibrium  disturbances  diminish  in 
intensity  after  the  first  twenty-four  hours  and  have  entirely  disappeared 
at  the  end  of  the  second  or  third  day. 

Ocular  movements.  With  the  exception  of  the  six-day  kitten,  in 
which  no  change  in  the  position  of  the  eyes  was  discernible,  there  is 
up  to  the  end  of  the  second  week  after  birth  deviation  of  the  eyes 
toward  the  side  of  the  lesion  without  distinct  nystagmus.  During 
the  second  week  aftei*  birth,  slight  irregular  oscillations  of  the  eyes 
occur  at  intervals,  but  the  fully  developed  two  phase  nystagmus  does 
not  appear  imtil  the  third  week.  The  nystagmus  as  seen  in  the  three- 
week-old  animals  is  of  a  slow  type  and  interrupted.  From  the  fourth 
week  on  it  becomes  regular.  In  the  younger  animals  the  oscillations 
occur  at  the  rate  of  4  to  6  per  minute.  ■  This  rate  increases  progressively, 
so  that  at  the  seventh  week  the  rapidity  of  nystagmus  approximates 
that  seen  in  the  fully  grown  animal. 

In  animals  of  three  to  five  weeks,  the  nystagmus  diminishes  in  intens- 
ity during  the  first  twenty-four  hours  after  the  operation,  and  has 
entirely  disappeared  between  the  twenty-fourth  and  thirty-sixth  hours. 
The  deviation  of  the  eyes  on  the  other  hand,  does  not  begin  to  decrease 
appreciably  imtil  about  the  end  of  the  forty-eighth  hour,  and  persists 
for  three  to  five  days  (in  one  case  for  ten  days).  In  the  seven-week- 
old  kitten,  as  in  fully  grown  cats,  the  deviation  and  the  nystagmus 
disappear  simultaneously. 

If  the  ocular  reactions  following  unilateral  removal  of  the  labr3dnth 
are  compared  with  those  observed  in  the  rotation  experiments,  it  will 
be  seen  that  definite  post-rotatory  nystagmus  occurs  at  an  age  (ten 
days  to  two  weeks)  when  post-operative  nystagmus  does  not  appear. 
According  to  the  views  of  Wilson  and  Pike  (1)  the  nystagmus  r^idiing 
from  labyrinthine  extirpation  is  due  in  great  part  to  the  unbalanced 
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activity  of  the  intact  labjrrinth.  This  difference  in  reaction,  therefore, 
seems  to  indicate  that  the  stimulus  derived  from  rotation  is  much  more 
effective  in  producing  compensatory  eye  movements. 

Without  wishing  to  emphasize  the  ontophylogenetic  importance  of 
some  of  the  ocular  reactions  observed,  the  relative  persistence  of 
deviation  and  the  absence  of  n3r8tagmus  in  the  yoimger  animals  seem 
to  me  suggestive,  in  view  of  the  following  facts: 

1.  The  intensity  of  nystagmus,  after  unilateral  removal  of  the  laby- 
rinth, varies  as  a  rule  with  the  position  of  the  animal  in  the  vertebrate 
phylum.  While  absent  in  the  lower  forms,  its  intensity  is  greatfist  in 
the  higher  mammals. 

^  2:  In  the  turtle,  unilateral  destruction  of  the  labyrinth  is  followed 
by  permanent  deviation  of  the  head  to  the  side  of  the  lesion  (unpub- 
lished experiments  by  Professor  Pike). 

3.  In  prematurely  bom  children  rotation  of  the  head  in  space  is 
accompanied  by  deviation  of  the  eyes  vnthout  nystagmus.  Observa- 
tions of  Bartels  and  Ziba  (2). 

Wilson  and  Pike  (1)  have  shown  that  labyrinthine  nystagmus  is 
.dependent  on  the  integrity  of  two  nervous  paths,  one  associated  with 
deviation,  the  other  with  the  quick  return.  These  authors  have  shown 
that  the  quick  phase  of  nystagmus,  after  labyrinthine  removal,  can 
be  eliminated  by  complete  decerebration,  including  the  optic  thalamus. 
After  this  procedure  deviation  d  the  eyes  alone  remains.  In  another 
article  the  same  authors  (4)  basing  their  conclusions  on  the  work  of 
Tozer  and  Sheitington  (5)  suggest  that,  ''in  labyrinthine  nystagmus, 
the  abnormal  deviation  of  the  eyes  sets  up  sensory  impulses  in  the 
aflfeient  endings  of  the  eye  muscles  themselves  which  bring  about  a 
j-etum,  either  reflex  or  voluntary,  of  the  eyes  to  the  normal  positign. 
Nystagmus  would  then  be  a  response  to  kinesthetic  sensations." 
Accordingly,  the  absence  or  the  undeveloped  character  of  the  quick 
phase,  in  the  very  young  animals,  may  be  explained  by  a  relatively 
late  myelination  either  of  the  kinesthetic  paths  related  to  the  cere- 
brum and  thalamus  or  of  the  efferent  paths  conveying  impulses  from 
the  cerebrum  and  thalamus  to  the  ocular  muscles. 

CONCLUSIONS 

1.  In  kittens,  the  general  motor  leactions  which  follow  rotation  and 
unilateral  removal  of  the  otic  labyiinth  are,  up  to  a  certain  limit, 
proportional  to  the  age  of  the  animals.     As  a  whole  these  reactions 
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seem  to  progress  pari  passu  with  the  development  of  the  function  of 
equilibration. 

2.  The  ocular  reactions,  likewise,  show  progressive  changes.  The 
compensatory  eye  movements  following  rotation  of  the  head  in  space 
are  at  first  of  a  slow  and  irr^ular  type,  but  well  defined  lab3rrinthine 
nystagmus  does  not  appear  until  about  the  third  week  after  birth. 
The  rate  of  post-rotatory  nystagmus  increases  gradually  with  age. 

3.  In  the  younger  animals  post-rotatory  nystagmus  is  preceded  by  a 
latent  period. 

4.  Following  unilateral  removal  of  the  otic  labyrinth  there  is,  up 
to  the  end  of  the  secotid  week  after  birth,  deviation  of  the  eyes  to  the 
side  of  the  lesion  without  distinct  nystagmus.  At  three  weeks  after 
birth  n3rstagmus,  of  an  intermittent  type  and  of  a  slow  rate,  appears. 
The  rate  and  regularity  of  the  post-operative  nystagmus,  as  in  the 
rotation  experiments,  increases  progressively  with  the  age  of  animals. 

5.  In  animals  of  three  to  five  weeks  the  post-operative  nystagmus 
disappears  relatively  early,  whereas  the  deviation  of  the  eyes  to  the 
side  of  the  lesion  persists  for  several  days.  In  older  animals  the  nystag- 
mus and  deviation  disappear  simultaneously. 

6.  The  probable  ontophylogenetic  importance  of  these  ocular  re- 
actions is  suggested. 

7.  The  ocular  and  other  phenomena  observed  following  rotation  and 
unilateral  removal  of  the  otic  labyrinth  are  explained  by  a  relatively 
late  myelination  of  the  nervous  paths  concerned. 

I  wish  to  take  this  opportunity  to  thank  Professor  Pike  for  his  kind 
assistance  in  the  development  of  the  operative  technique  used  in  these 
experiments. 
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introduction 

While  a  large  and  ever  increasing  number  of  organisms  are  known  to 
produce  light,  in  only  a  few  of  these  is  there  sufficient  light-giving  sub- 
stance to  make  chemical  studies  feasible.  Luminous  bacteria  (1)  are 
of  practically  no  value,  as  also  Noctilitca  (2)  and  luminous  squid; 
the  fire-fly  (3)  and  a  pennatuUd,  Cavemylaria  (4)  are  somewhat  better, 
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while  the  mollusc^  Pholas  dadylus  (5),  judging  from  Dubois'  results, 
is  better  still.  By  far  the  most  valuable  of  any  of  these  organisms,  if 
I  may  make  comparisons  without  actual  experience  with  Pholas  dacty- 
his,  is  the  small  crustacean,  Cypridina  hilgendorfii.  For  the  size  of  animal, 
the  light-giving  substance  is  relatively  enormous  and  its  light-giving 
power  incredibly  great.  Suffice  it  to  say  that  one  part  of  luminous 
gland  substance  in  1,600,000,000  parts  of  water  will  give  visible  light 
imder  proper  conditions.  In  higher  concentrations,  the  light  is  cor- 
respondingly stronger,  plenty  strong  enough  in  fact,  to  be  used  for 
illuminating  piuposes  could  a  sufficient  quantity  of  the  material  be 
synthesized. 

As  Dubois  (6)  first  demonstrated  for  Pyrophorris  in  1885,  so  also  in 
Cypridina,  we  may  distinguish  and  separate  two  substances,  in  Dubois' 
terminology,  luciferin  and  luciferase,  which  must  be  brought  together 
before  light  will  result.  Contrary  to  my  stand  in  previous  papers  of 
this  series  (7),  I  am  now  certain  that  Dubois'  explanation  of  the  action 
of  luciferase  and  luciferin  is  quite  incorrect,  unless  indeed  light  produc- 
tion be  a  diflferent  process  in  Pholas  dadylits  from  that  in  Cypridina 
and  the  fire-fly.  It  is  belter  perhaps  to  enter  into  a  discussion  of  the 
r61e  of  luciferin  and  luciferase  after  the  mechanism  of  light  production 
and  some  of  the  properties  of  these  two  substances  have  been  described. 

The  success  of  my  investigations  upon  Cypridina  and  other  limiinous 
organisms  was  largely  due  to  the  interest  and  kindness  of  Prof.  C. 
Ishikawa,  of  the  Zoology  Department,  Agricultural  College,  Imperial 
University  of  Tokio,  and  to  Prof.  I.  Ijima,  of  the  Iniperial  University, 
who  extended  to  me  the  hospitality  of  the  Marine  Biological  Labora- 
tory at  Misaki.  I  am  also  indebted  to  Dean  Kozai  and  Professor 
Aso  of  the  Agricultural  College  for  the  use  of  many  chemicals  and 
apparatus.    I  extend  my  cordial  thanks  to  all  of  these  men. 

GBNBBAL  CHABACTER  OF  LIGHT  AND  OF  LUMINOUS  GLAND 

Cypridina  hilgendorfii  is  a  strongly  negatively  heliotropic  ostracod 
best  obtained  at  night  from  fish  heads,  on  which  the  animals  feed, 
lowered  into  the  water.  It  may  be  caught  the  year  roimd,  but  is  most 
abimdant  during  August  and  September  in  Sagami  Bay,  Japan.  An- 
other non-luminous  species  (Cypridina  x)  is  often  obtained  from  the 
fish  heads  together  with  C.  hilgendorfii.  It  is  positively  heliotropic  to 
lamp-light.  C.  hilgendorfii  is  so  strongly  negatively  heliotropic  that  it 
is  not  readily  caught  on  moonUght  nights  and  avoids  a  shore  with  many 
electric  lights. 
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The  light-giving  material  of  Cypridina  is  a  secretion  formed  in  a 
special  gland  of  yellow  spindle  shaped  cells,  opening  near  the  mouth.^ 
In  adult  living  Cypridinas,  the  gland  cells  form  a  cylinder  about  0.64 
mm.  by  0.24  nam.,  having  a  volume  of  about  0.0003  cm.*  Tlie  secre- 
tion is  readily  formed  upon  agitation  of  the  animal  and  is  easily  vis- 
ible in  a  room  in  the  daytime.  To  the  dark  adapted  eye,  the  color  is 
decidedly  bluish  and  the  light  very  intense.  To  a  partially  light 
adapted  eye,  the  color  is  blue.  In  this  respect  the  light  differs  markedly 
from  the  yellowish  white  (to  the  dark  adapted  eye)  light  of  luminous 
bacteria,  of  Cavemnlaria,  or  of  the  Japanese  fire^fly,  which  is  green  to 
the  partiaUy  dark  adapted  eye.  Tliere  is  no  inhibition  of  the  li^t 
secretion  in  dayUght  as  has  been  described  for  other  forms  (8).  When 
first  caught,  Cypridinas  give  off  the  secretion  readily,  sometimes  upon 
mere  contact  with  the  smface  film  of  water,  but  if  they  are  kept  in  the 
laboratory  the  secretion  is  not  given  off  so  readily.  Removal  from  sea 
water  also  inhibits  the  ejection  of  the  secretion  and  it  is  necessary  to 
squeeze  the  animal  rather  strongly  before  the  secretion  is  given  out. 

Electrical  stimulation  also  calls  forth  the  production  of  an  abundant 
light  secretion. 

NATURE  OF  THE   LIGHT  SECRETION 

The  gland  cells  are  ahnost  completely  filled  with  yellow  material 
which  can  be  observed  to  be  composed  of  yellow  globules  2  to  6  micrain 
diameter.  These  are  extruded  and  dissolve  to  a  colorless  solution, 
absolutely  free  of  visible  granules,  which  gives  the  light.  The  glob- 
ules are  rather  fluid  in  consistency  as  the  outline  can  sometimes  be 
seen  to  pass  through  amoeboid-like  changes. 

If  we  examine  the  natmtd  secretion  of  Cypridina  in  sea  water  at 
night,  the  light  appears  perfectly  homogeneous.  No  points  of  light 
appear  such  as  might  be  due  to  granules,  a  condition  wholly  different 
from  that  in  the  juice  of  Cavemularia  (4),  which  contains  visible  granr 
ules  and  at  night  the  light  from  these  imder  the  microscope  gives  the 
appearance  of  a  starry  sky. 

If  Cypridinas  be  groimd  in  a  mortar  and  then  examined  at  night, 
numerous  very  bright  points  of  light  appear  and  these  are  greatly  in- 
creased by  adding  fresh  water  to  the  preparation.    The  light  undoubt- 

^  For  a  description  of  the  anatomy  of  the  organ  see  Doflein,  F.,  Sitsungsber. 
d.  Ges.  f.  Morph.  u.  Physiol,  in  Miinchen.,  1906,  xxii,  133  and  a  paper  by  N. 
Yatsu  in  course  of  preparation. 
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edly  comes  from  solution  of  the  above  des(»*ibed  yellow  globules  and 
when  they  have  dissolved  no  more  points  of  light  but  a  steady  homo- 
geneous glow  is  to  be  observed.  Electrical  stimulation  by  strong  in- 
terrupted induced  shocks  does  not  intensify  the  light  from  an  extract 
of  Cypridincts,  glowing  faintly. 

PORCELAIN  FlI/TRATION 

Although  no  visible  granules  are  foimd  in  the  natural  secretion  of 
Cypridina,  an  ultramicroscopic  investigation  was  not  undertaken  on 
acooimt  of  lack  of  apparatus. 

All  of  the  Ught-producing  substances  (both  photogenin  and  photo- 
phdein,  p.  324)  will  easily  pass  a  Pasteur-Chamberlain  or  a  Berkefeld 
filter  tube  so  that  the  particles  present,  if  any,  must  be  exceedingly 
small. 

Complete  proof  of  the  truly  soluble  character  of  the  light-pro- 
ducing substances  is  given  by  dialysis  experiments  recorded  on  page 
329. 

LACK  OP  OXYGEN 

Oxygen  is  necessary  for  light  production  as  may  be  seen  by  placing 
the  crushed  animals  in  a  hydrogen  atmosphere,  or  by  bubbling  hydrogen 
through  a  glowing  extract  of  the  animals.  Tlie  light  never  completely 
disappears  even  after  a  long  time,  but  remains  dim  so  that  very  little 
oxjrgen  (as  no  special  precautions  were  taken  to  remove  the  last  traces 
of  oxygen  from  the  hydrogen,  prepared  in  a  Kipp  generator)  is  sufficient 
to  give  light.  Upon  readmitting  oxygen,  however,  a  brilliant  glow 
results.  Every  other  species  of  animal  investigated  likewise  requires 
oxygen  for  phosphorescence. 

DESICCATION  AND   ETHER  EXTRACTION 

like  the  fire-fly,  the  Cypridinas  may  be  dried  over  CaCls  and  will 
give  a  Inilliant  Ught  if  cnished  and  moistened  with  sea  water.  Dried 
crushed  Cypridinas  may  be  extracted  with  six  changes  of  ether  dur- 
ing the  course  of  two  days  without  impairing  in  the  least  their  power 
to  produce  light  when  again  moistened.  The  luminous  substance  is 
therefore  of  a  non-lipoid,  ether  insoluble  nature  as  might  be  expected 
from  the  fact  that  it  is  extruded  from  the  animal  as  a  clear  water  sol- 
uble non-fluorescent  secretion.  The  luminous  substance  of  the  fire- 
fly and  bacteria  are  also  non-lipoid  in  nature  (9). 
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CHEMICAL  TESTS  ON  THE  SECRETION 

Despite  the  fact  that  the  light  from  the  natural  secretion  of  Gypri- 
dina  is  very  bright  a  sample  of  the  secretion,  collected  by  shaking  many 
Cypridinas  in  a  small  volume  of  sea  water  and  filtering,  responds  to 
none  of  the  common  biochemical  tests.  It  gives  no  precipitate  with 
picric  acid  or  on  saturation  with  (NH4)2S04  or  on  boiling,  even  when 
made  slightly  acid.  Fehling's  reaction  is  negative  as  also  the  biiu^t 
and  xanthroproteic  for  proteins,  the  Molish  reaction  for  carbohy- 
drates and  the  indophenol  test  (a-napthol  and  pai:a-phenylen-dia- 
mine)  +  H2O2  for  oxidases. 

I  do  not  mean  to  infer  from  this  that  the  luminous  substance  is 
neither  protein,  fat,  nor  carbohydrate,  but  merely  that  the  concen- 
tration giving  a  bright  light  is  too  small  to  respond  to  chemical  tests 
(see  p.  336). 

LUCIFERIN  AND  LUCIFERASE 

The  light  from  the  natural  secretion  .of  Cypridina  lasts  for  some 
time  in  sea  water  and  then  disappears  and  no  amoimt  of  shaking  will 
cause  it  to  appear  again.  If  we  add  to  this  natural  secretion  an  ex- 
tract of  Cypridina  heated  to  boiling,  a  brilliant  light  again  results;  or 
if  we  mix  a  water  extract  of  Cypridina  whose  light  has  disappeared  on 
standing  with  a  similar  extract  whose  Ught  has  been  destroyed  by 
boiling,  Ught  again  results.  ^  In  Dubois'  phraseology  we  have  mixed 
two  substances,  luciferin  (in  the  boiled  tube)  and  luciferase  (in  the  tube 
allowed  to  stand)  necessary  for  light  production.  According  to  Du- 
bois, one  of  these,  luciferase,  is  an  oxidizing  enzyme  and  is  destrojred 
by  heat;  the  other,  luciferin,  a  substance  not  destroyed  by  heat  is 
capable  of  oxidation  with  light  production  by  means  of  luciferase. 
When  the  natural  secretion  of  Cypridina  is  allowed  to  stand  all  the 
luciferin  is  oxidized  and  the  luciferase  is  left;  when  a  limiinous  extract 
of  Cypridina  is  boiled  the  luciferase  is  destroyed  before  all  the  luci- 
ferin is  oxidized. 

At  one  time  I  believed  Dubois'  interpretation  of  this  e>cperiment 
to  be  correct,  but  results  on  Cypridina  have  led  me  to  wholly  different 
conclusions  regarding  the  existence  of  luciferin  and  luciferase.  Dubois' 
interpretation  is  indeed  attractive.  We  know  that  the  light  production 
is  an  oxidation,  that  two  substances  are  concerned,  that  these  sub- 
stances give  light  in  very  small  concentration  comparable  with  enzyme 
activity  (see  p.  336),  that  one  of  them  can  use  up  a  large  amoimt  of 
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the  other  (see  p.  337)  and  possesses  certain  properties  (destruction  by 
heat,  phosphotungstic  and  tannic  acid)  characteristic  of  enzymes. 
Further,  we  actually  know  of  oxidative  reactions  taking  place  with  the 
production  of  light  under  the  action  of  oxidizing  enzymes  from  plants 
and  animals  (10). 

It  is  quite  possible  that  light  production  in  Pholas  dactylus  is  of 
this  nature  as  it  differs  radically  in  very  essential  points  from  the  mech- 
anism in  Cypridina  and  in  the  fire-fly.  Thus,  Dubois  finds  that 
Pholas  luciferin  (the  substance  not  readily  destroyed  by  heat  and 
giving  light  with  luciferase)  can  be  oxidized  with  light  production  by 
many  oxidizing  agents — ^blood,  H2O2,  KMn04,  Ba02,  Pb02,  etc. — and 
that  it  occiu-s  only  in  the  luminous  organs  of  Pholas  dactylus  (5).  I 
find  that  Cypridina  luciferin  (a  substance  not  readily  destroyed  by 
heat  and  giving  light  with  luciferase)  will  not  give  light  with  the  above 
mentioned  oxidizing  agents  and  is  foimd  in  many  other  non-luminous 
animals  and  in  the  non-luminous  parts  of  Cypridina  hilgendorfii. 

Dubois  finds  that  Pholas  luciferase  (a  substance  destroyed  easily 
by  heat  and  using  up  Pholas  luciferin  with  light  production)  occiu^  in 
many  other  non-liuninous  animals  (5)  whereas  I  find  a  body  with  the 
same  properties  only  in  the  liuninous  organs  of  Cypridina.  This  sub- 
stance, which  we  may  temporarily  call  Cypridina,  luciferase,  in  con- 
centrated solutions,  will  give  light  (as  before  mentioned)  with  extracts 
of  many  non-luminous  animals  (see  p..  326).  It  will  also  give  light  if 
mixed  with  many  pure  substances  as  chloroform,  ether,  benzol,  thy- 
mol, saponin,  oleic  acid,  atropin,  NaCl  and  others.  Since  most  of  the 
above  substances  could  not  possibly  be  oxidized  by  the  luciferase,  I 
conclude  that  they  cause  in  some  way  the  giving  out  of  light  in  what 
Dubois  terms  luciferase.  On  this  view  luciferase  is  the  source  of  the 
light  and  the  luciferin  (in  the  boiled  extract  of  Cypridina)  is  something 
which  causes  the  luciferase  to  emit  light. 

The  substances  causing  the  emission  of  light  from  a  concentrated 
solution  of  luciferase  are  similar  to  those  producing  cytolysis  of  cells 
and  I  have  considered  the  possibility  that  the  concentrated  extract 
might  contain  fragments  of  the  Imninous  gland  cells  which  cytolyse 
with  light  production  or  possibly  granules  which  dissolve  with  light 
production  as  described  in  many  other  forms  and  as  especially  promi- 
nent in  the  juice  of  Cavemularia.  I  am,  however,  convinced  that 
there  are  in  the  extract  of  Cypridinas  which  will  give  Ught  with  im- 
oxidizable  substances  no  cell  fragments  present  and  no  granules  above 
those  of  submicroscopic  colloidal  dimensions,  for  the  following  reasons: 
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First,  the  light  is  always  perfectly  homogeneous  and  in  marked 
contrast  to  the  points  of  light  of  Cavemtdaria  juice  where  visible 
granules  and  cell  fragments  do  occur. 

Second,  Cypridiim  extract  (luciferase)  will  give  light  with  thymol, 
butyl  alcohol,  or  NaCl  crystals  after  filtration  through  a  Chamberlain 
or  a  Berkefeld  filter,  which  removes  all  cell  fragments. 

PHOTOPHELEIN  AND  PHOTOGENIN 

I  conclude,  therefore,  that  Dubois'  luciferase,  a  thermolabile  sub- 
stance in  luminous  cells,  is  the  light  producing  body.  It  gives  light  in 
contact  with  many  substances  not  necessarily  oxidizable  and  an  es- 
pecially bright  Ught  with  a  thermostabile  (Dubois'  luciferin)  substance 
found  in  high  concentration  throughout  the  body  of  Cypridina  hUgeti- 
dorfii  and  in  small  concentration  in  the  blood  or  juices  of  other  non- 
luminous  invertebrates.  I  therefore  propose  the  new  names  photo- 
genin  (light  producer  from  phos,  Ught  and  gennao,  to  produce)  for 
luciferase  and  photophelein  (light  assistor  from  phos,  Ught  and  opheleo, 
to  assist)  for  luciferin. 

As  we  shaU  see  later  (p.  337)  the  photophelein  can  not  be  regarded  as 
an  enzyme  because  it  is  used  up  in  the  reaction  and  wiU  not  give  li^t 
with  an  indefinite .  amount  of  photogenin.  The  photogenin  corre- 
sponds much  more  to  an  enzyme  but  it  is  also  slowly  used  up  (p.  337). 
At  present  we  can  only  speak  of  photophelein  as  a  definite  substance 
causing  in  some  way  the  emission  of  light  from  photogenin. 

Perhaps  the  foUowing  comparison  of  the  important  facts  concerning 
light  production  in  Pholas  and  Cypridina  wiU  make  clearer  Dubois' 
and  my  own  views,  and  bring  out  the  contradictory  properties  of  the 
corresponding  substances  in  the  two  animals. 
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Whatever  the  exact  interpretation  of  the  facts  may  be,  it  is  certain 
that  two  substances  are  concerned  in  light  production  and  these  may 
be  separated  because  they  are  destroyed  atdiflferent  temperatures. 
We  may  now  inquire  into  each  of  their  properties  separately  and  re- 
turn to  a  discussion  of  the  mechanism  of  Ught  production,  in  considering 
the  possible  enzyme  nature  of  photogenin. 

DISTRIBUTION  OP  PHOTOPHELEIN  AND  PHOTOGENIN  IN  ORGANISMS 

Certain  fimdamental  facts  for  the  chemical  theory  of  light  production 
appear  when  we  study  the  distribution  of  photophelein  and  photogenin 
— (I)  in  the  non-luminous  parts  of  Cypridina;  (II)  in  non-luminous 
Cypridinas  (Cypridina  x);  (III)  in  other  non-luminous  organisms;  (IV) 
in  luminous  organisms. 

By  a  careful  quick  scissors  cut,  the  head  end  of  Cypridina  containing 
the  luminous  gland  can  be  separated  from  the  posterior  half  without 
any  contamination  of  the  latter  with  luminous  secretion.  If  we  now 
test  the  non-luminous  half  with  dilute  photophelein  and  photogenin, 
we  find  that  it  contains  nothing  which  will  give  light  with  photophelein 
but  something  which  will  give  a  bright  Ught  with  photogenin.  We 
must  try  the  experiment  immediately  because  this  substance  disappears 
if  the  extract  stands  in  presence  of  oxygen.  In  absence  of  oxygen  or 
if  the  extract  is  boiled  immediately  (but  not  too  long  a  time)  the  sub- 
stance does  not  completely  disappear  even  after  one  hour.  There  is, 
therefore,  in  the  non-luminous  parts,  the  substance  photophelein 
which  disappears  even  in  the  absence  of  photogenin  (from  luminous 
gland)  unless  the  solution  be  boiled  or  oxygen  excluded.  Note  the 
similarity  to  the  disappearance  of  photophelein  in  presence  of  photo- 
genin with  this  exception,  that  no  light  is  produced.  The  experiment 
seems  to  indicate  a  third  substance  destroyed  by  heat,  in  non-luminous 
parts,  which  oxidizes  (since  oxygen  is  necessary)  the  photophelein. 

In  the  extract  of  the  non-luminous  species,  there  is  also  a  similar 
substance  (photophelein)  which  will  give  Ught  with  photogenin.  Un- 
like the  photophelein  from  the  non-luminous  part  of  Cypridina  hilgen- 
dorfii,  it  occurs  in  very  small  concentration,  so  that  we  must  use  con- 
centrated^ photogenin  and  concentrated  extract  of  Cypridina  x. 

The  photophelein  from  Cypridina  x  is  also  destroyed  or  disappears 
if  the  extract  stands  one  and  one-hjjf  hours  in  contact  with  oxygen 

*  By  concentrated  photogenin  is  meant  an  extract  of  one  Cypridina  in  0.5  to 
1.0  cc.  water. 
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but  not  in  the  absence  of  oxygen.    Boiling  makes  the  extract  more 
stable. 

In  some  other  non-luminous  forms  widely  diflferent  in  relationship 
from  Cypridina,  there  are  substances  which  give  light  with  concen- 
trated photogenin  and  others  which  will  not,  whether  the  extract  has 
been  boiled  or  left  unboiled.  The  extracts  were  boiled  in  order  to 
destroy  substances  which  in  turn  might  quickly  destroy  photophelein. 
Among  the  light-giving  extracts  may  be  mentioned  the  following: 


AKMAL 

ORDER 

CHARACTER  OP  LIGHT  FROM  JUICS 

UnboUed 

Boiled 

Sepia  esculenta  (blood) 

Cephalopoda 
.  Gasteropoda 
Annelida 
Decapodal 
Cirripedia 
Cirripedia 
Cirripedia 
Decapoda 
Decapoda 
Amphineura 
Annelida 
Annelida 
Annelida 
Gasteropoda 
Insecta 
Turbellaria 

Fair 

Faint 

Very  faint 

Very  faint 

Good 

Faint 

Faint 

Faint 

Faint 

Fair 

Fair 

Very  faint 

Faint 

Faint 

Negative 

Faint 

Fair 

Dolabella  sp.  (blood) 

Fair 

Laonome  japonica  (blood) 

Very  faint 
Faint 

Panulirus  japonica  (blood) 

Lepas  anatifera  (extract) 

Bright 

Tetraclita  porosa  (extract) 

Fair 

Mitella  mitella  (extract) 

Fair 

Oxyrhynchidae  (moss  crab)  (extract). 
Palaemon  sp.  (extract) 

Fair 
Faint 

Chiton  (extract) 

Good 

Harmithoe  imbricata  (extract) 

Cirratulus  dasylophyus  (extract) 

Marphysa  iwamusi  (extract) 

Fair 

Very  faint 
Faint 

Onchidium  sp.  (extract) 

Faint 

Non-luminous  parts  fire-fly  (extract).. 
Flat  worm  (sp?)  (extract) 

Fair 
Faint 

Of  these  forms  Lepas  and  Chiton  gave  the  best  light  and  of  these 
two  only  Lepas  gave  light  with  dilute  Cypridina  photogenin.  Too 
much  stress  must  not  be  laid  upon  comparative  results  because  much 
depends  upon  the  concentration  and  it  is  not  easy  to  obtain  extracts 
of  comparative  concentration. 

Unlike  the  photophelein  from  the  luminous  parts  of  Cypridina  or 
from  non-luminous  Cypridinas,  that  of  Lepas  extract  or  of  Dolabetta 
blood  is  perfectly  stabile  and  will  give  light  with  photogenin  even 
after  standing  a  period  of  24  hours. 

Many  extracts  were  found  to  give  no  light  with  concentrated  photo- 
genin. These  included  the  following,  which  were  tried  both  boiled  and 
unboiled.  Again  it  is  possible  that  with  greater  concentrations  even 
these  extracts  would  call  forth  a  faint  light. 
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Anim€d  Order 

Modiolus  8p.  ?  Lamellibranch 

Acmaea  sp.  ?  Gasteropod 

Sistrum  sp.  ?  Gasteropod 

Sphaerechinus  pulcherrinus  Echinoid 

Wall  crab  (sp.  ?)  Decapod 

Ligia  exotica  Isopod 

Coccinella  7-punctata  Coleoptera 

Anomala  rufscuprea  Coleoptera 

Glysiphana  jocunda  Coleoptera 

The  following  fluids  and  dissolved  protein  substances  also  give  no 
light  when  their  solutions  were  mixed  with  photogenin. 

50  per  cent  egg  albumen  Witters  peptone 

50  per  cent  egg  yolk  Neutral  meat  peptone 

Na  nucleate  Dried  ox  blood  extract 
Na  nucleoproteinate 

It  is  certain,  then,  that  there  is  photophelein  or  something  sinailar 
to  it  in  the  blood  or  extracts  of  many  invertebrates  but  not  necessarily 
in  solutions  of  protein  substances  such  as  egg  albumen,  peptone,  etc. 
In  saliva  there  is  something  giving  a  very  faint  Ught  and  something 
in  urine  giving  a  fairly  bright  light  with  photogenin.  Certain  fluids 
tried  were  suflSciently  acid  to  prevent  the  appearance  of  Ught  and 
some  fortuitous  characteristic  such  as  acidity  may  explain  why  ex- 
tracts of  some  invertebrates  give  no  Ught  with  photogenin. 

It  is  hardly  worth  inquiring  into  the  nature  of  the  substances  in 
each  particular  extract  which  may  for  convenience  be  coUectively 
spoken  of  as  photophelein  since  I  have  foimd  a  great  many  simple 
bodies,  which,  mixed  with  concentrated  photogenin  in  powder  or 
crystal  form,  give  rise  to  a  bright  Ught.  With  more  dilute  solutions 
(one  Cypridina  to  10  cc.)  no  Ught  appears.  These  substances  include 
thymol,  chloroform,  hydrochinon,  NaCl,  butyl  alcohol,  saponin,  oleic 
acid,  ether,  benzol,  atropin,  pilocarpin  and  ortol.  Chloral  hydrate, 
pyrocatechin,  MgSOi,  (NH4)2S04,  aescuUn,  dextrine  and  K4Fe(CN)6 
gave  a  fainter  Ught  while  saccharose  gave  none. 

It  is  diflScult  to  see  in  just  what  way  aU  these  diverse  substances 
act.  One  is  inclined  to  compare  the  production  of  Ught  by  chloroform 
or  saponin  to  a  process  of  cytolysis  or  to  a  stimulus  reaction — ^like  arti- 
ficial parthenogenesis.  The  photophelein  of  Cypridina  or  other  ex- 
tracts would  then  be  comparable  to  the  cytolytic  substance  in  the  blood 
of  worms  which  causes  development  of  sea  urchin  eggs  (11).    The 
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chloroform  or  saponin  might  be  supposed  to  cause  the  solution  of 
granules  or  globules  (as  can  be  observed  in  many  cells)  and  the  pro- 
duction of  light  to  be  connected  with  this  solution  process.  But  I 
have  already  given  evidence  (p.  324)  to  show  that  there  are  no  gran- 
ules unless  ultramicroscopic  ones  in- the  light  secretion  of  Cypridina^ 
so  that  we  must  look  to  another  inter  >retation. 

Of  many  animal  extracts  tried  on  both  concentrated  and  dilute 
photophelein,  none  will  give  light.  Neither  have  I  been  able  to  obtain 
light  with  any  chemicals  or  the  oxidizing  substances;  neutral  HsOs, 
BaOs,  ox  blood  alone  or  with  neutral  Hs02  added,  neutral  potato  juice 
alone  or  with  neutral  H2O2,  KMn04,  KjOaO?,  FeCU,  or.K4Fe(CN)». 
As  already  pointed  out  (p.  323)  this  result  is  the  direct  opposite  of  the 
case  in  Pholas  dactylus  as  described  by  Dubois. 

There  is,  then,  in  the  non-liuninous  parts  of  Cypridina  hilgendorfii  a 
large  amount  of  photophelein  but  only  a  small  amoimt  even  in  a  closely 
related  non-lmninous  form.  There  appear  to  be  only  small  amoimts 
in  other  luminous  fonns  not  closely  related  to  Cypridina,  For  in- 
stance, Cypridina  photogenin  will  give  a  faint  light  with  fire-fly  photo- 
phelein but  it  is  not  nearly  so  bright  as  with  Cypridina  photophelein 
nor  as  bright  as  that  given  by  non-luminous  Lepas  extract.  Un- 
fortunately, no  closely  related  Imninous  crustacean  was  available  so 
that  the  degree  of  specificity  of  photogenin  and  photophelein  could 
not  be  determined.  At  least  we  may  say  that  Cypridina  photogenin 
and  photophelein  are  specific  to  a  certain  extent,  but  not  in  the  strict 
sense  of  the  word. 

The  following  tabulations  give  the  luminous  animals  which  have 
been  tried  with  Cypridina  in  concentrated  solution  and  the  character 
of  the  light  resulting.    None  gives  light  in  more  dilute  solution. 

C3rpridina  photophelein  X  Fire-fly  photogenin faint 

Fire-fly  photophelein  X  Cypridina  photogenin faint 

Fire-fly  photophelein  X  Fire-fly  photogenin bright 

Cypridina'  photophelein  X  Cavemularia  photogenin fair 

Cavernularia  photophelein  X  C3rpridina  photogenin negative 

Cavemularia  photophelein  X  Cavernularia  photogenin negative 

Cypridina  photophelein  X  Noctiluca^  photogenin faint 

Noctiluca*  photophelein  X  Cjrpridina  photogenin faint 

Noctiluca^  photophelein  X  Noctiluca^  photogenin negative 

'  An  extract  prepared  with  sea  water,  as  the  dark  juice  of  Copemularia  gives 
a  brilliant  light  with  fresh  water. 

♦  All  the  Noctiluca  extracts  were  made  with  n/1000  NH4OH  to  neutralise  the 
acid  of  the  Nociiluca  vacuoles. 
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Owing  to  lack  of  material,  the  liimijious  fish,  MonocerUris  japonica 
could  only  be  tested  in  more  dilute  solutions,  and  with  negative  results, 
viz.: 

Cjrpridina  photophelein  X  Monocentris  photogenin negative* 

Monocentris  photophelein  X  C3rpridlna  photogenin negative 

Monocentris  photophelein  X  Monocentris  photogenin negative 

DIALYSIS 

Photophelein  will  dialyze  through  heavy  parchment  and  collodion 
fairly  readily,  in  the  case  of  collodion  sometimes  appearing  in  the 
dialysate  in  the  course  of  two  hours. 

Photogenin  dialyzes  with  difficulty  and  with  some  collodion  tubes 
not  after  a  period  of  thirty-six  hours.  In  others  a  very  slight  amoimt 
will  pass  in  that  time  and  in  one  experiment  with  heavy  parchment 
paper  a  very  sUght  dialysis  occurred  in  twelve  hours  but  usually  there 
was  none.  The  collodion  tubes  and  the  parchment  paper  did  not  leak 
in  any  of  the  experiments  recorded. 

ADSORPTION 

Both  photophelein  and  photogenin  are  removed  from  solution  by 
washed  boneblack  and  washed  freshly  precipitated  Fe(OH)j.  To  serve 
as  control  the  last  washings  from  boneblack  and  Fe(OH)i  were  added 
to  photogenin  and  photophelein  and  tested  with  photophelein  and 
photogenin  respectively  to  make  sure  that  the  adsorption  was  not 
apparent  and  due  to  destruction  by  foreign  substances  from  the  ad- 
sorbing media. 

TEMPERATURE 

The  exact  temperature  of  destruction  of  photophelein  and  photo- 
genin depends  upon  their  concentration  and  the  time  of  heating. 
Cypridinaa  dried  over  CaClj,  groimd,  and  the  powder  suspended  in  sea 
water  give  a  beautiful  Ught  which  disappears  when  heated  to  56^,  but 
returns  on  cooling.  If  heated  to  65^  and  cooled,  the  light  also  returns, 
but  does  not  return  if  heated  to  70"^  and  then  cooled.  A  very  concen- 
trated mixture  of  photogenin  and  photophelein  may  be  heated  above 
70*^  and  whole  Cypridinas  heated  to  boiling  will  occasionally  give  a 
faint  light  when  cooled.  The  Ught  from  the  normal  secretion  of 
Cypridina  disappears  at  52'*-54'*,  and  retiu*ns  on  cooling,  so  that  we 
may  regard  this  as  the  inhibition  temperature  and  something  above 
70®,  depending  on  the  concentration,  as  the  destruction  temperature. 
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Other  organisms  give  the  following  inhibition  or  destruction  tem- 
peratures:* 

Luminous  bacteria  (17)  38° Recovery  if  cooled  immediately 

"  Hydroid,  Sertularia  64° No  recovery  on  cooling 

Noctiluca  (2)  48° No  recovery  on  cooling 

Cavernularia  (4)  52° No  recovery  on  cooling 

Luciola  (3)  42° No  recovery  on  cooling 

Pholas  dactylus  (5)  60° Recovery? 

The  time  necessary  to  destroy  photophelein  at  100°  depends  also 
upon  its  concentration.  In  dilute  solution  (one  Cypridina  to  25  or  50 
cc.  water)  boiling  for  one  minute  is  sufficient  but  in  concentrated  solu- 
tion (one  Cypridina  to  1  cc.  water)  five  minutes  boiling  is  necessary. 

In  Pholas  dactylus  (5)  photophelein  (luciferin)  is  destroyed  above 
70°  whereas  in  the  fire-fly  (both  Photuris  and  Luciola)  it  may  be  boiled 
for  ten  minutes  without  destruction. 

The  luminous  material  of  Cypridina  like  that  of  most  luminous 
organisms  is  unaffected  by  cold  and  will  glow  brilliantly  at  0°C. 

STABILITY 

Cypridina  photogenin  is  much  more  stabile  than  photophelein.  The 
time  after  preparation  that  one  can  obtain  light  from  these  substances 
depends  largely  upon  their  concentration  as  also  upon  the  temperature. 
One  sample  of  concentrated  (one  Cypridina  to  2  cc.)  photogenin  gave 
light  with  fresh  photophelein  for  seven  days  at  20°  despite  the  fact 
that  decomposition  had  taken  place  and  the  liquid  smelt  foul.  Dilute 
photogenin  (one  Cypridina  to  50  cc.)  may  lose  its  power  in  one  day; 
very  dilute  photogenin  (one  Cypridina  to  12,500  cc.)  in  less  than  two 
hours. 

Cypridina  photophelein  also  disappears  from  solution  spontaneously, 
and  the  more  dilute  the  solution  the  more  quickly  does  it  lose  its  power 
to  phosphoresce.  With  one  Cypridina  to  25  cc.  the  power  disappears 
in  three  to  four  hours,  while  with  one  Cypridina  to  1  cc.  it  may  last 
for  five  days  at  26°  to  28°C. 

The  decomposition  occurs  whether  the  solution  be  neutral,  acid 
(n/8000  HCl)  or  alkaline  (n/4000  NaOH),  in  pure  water  or  sea  water, 
in  the  light  and  also  in  amber  bottles,  and  occurs  even  if  the  photo- 
phelein be  thoroughly  boiled  to  destroy  all  traces  of  photogenin  which 

»  See  also  the  table  in  Mangold's  article,  Die  Production  von  Licht,  in  Winter- 
stein's  Vergleichende  Physiologic,  Vol.  3,  part  2,  345. 
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might  slowly  use  up  the  photophelein  without  light  production  (see 
p.  337). 

The  photophelein  is  apparently  oxidized,  as  the  destruction  is  not  so 
rapid  in  absence  of  oxygen. 

PRESERVATIVES  AND  ANESTHETICS 

The  addition  of  preservatives  (anesthetics)  as  chloroform,  ether, 
benzol  and  thymol  is  to  hasten  the  spontaneous  destruction  of  the 
photophelein  and  to  preserve  the  photogenin.  Ether  is  especially- 
destructive  to  the  photophelein  whereas  photogenin  will  give  light  after 
saturation  with  ether  for  twenty-two  days.  The  following  tables  (1 
and  2)  show  the  effect  of  saturation  of  solutions  (one  Cypridina  to  25 
cc.)  of  photophelein  and  photogenin  with  the  four  substances. 

TABLE  1 
Effect  of  preservatives  on  photophelein 


•ATURATION  WITH 

TB8TBD  WITH  PHOTOOBNXN  AFTKB 

5  minutei 

Ihour 

Iday 

2  days 

Ether 

Bright  light 
Bright  light 
Bright  light 
Bright  light 
Bright  light 

Negative 
Very,  very  faint 
Very  faint 
Faint 
Bright  light 

Negative 
Negative 
Negative 
Negative 
Faint« 

Negative 
Negative 
Negative 
Negative 
Negative 

Benxol, 

Chloroform 

Th3rmol 

Control 

TABLE  2 
Effect  of  preservatives  on  photogenin 


SATURATION  WITH 

TS8TXD  WITH  PHOTOPHXLKIN  AFTSR 

Iday 

2  days 

7  days 

22  days 

Mdays 

130  days 

Ether 

Bright 

Bright 
Bright 
Bright 
Bright 

Bright 

Bright 
Bright 
Bright 
Faint 

Faint 

Bright 
Bright 
Faint 
Negative 

Very 

faint 
Negative 
Bright 
Faint 

Negative 

Bright 
Negative 

Benzol 

Chloroform 

Thymol 

Control 

Negative 

The  hannlessness  of  the  above  anesthetics  for  Cypridina  photogenin 
is  unusual  as  Dubois  foimd  a  marked  destructive  action  on  Pholas 
photogenin  (luciferase)  and  I  have  noted  the  same  thing  for  the  fire-fly. 

*  Often  photophelein  will  not  last  for  one  day. 
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As  we  have  just  seen,  the  Edition  of  certain  anesthetics  does  not 
rapidly  destroy  photophelein  or  photogenin.  We  can  saturate  a  phos- 
phorescent mixture  of  the  two  with  ether  and  the  Ught  will  still  last  for 
some  time.  If  we  add  butyl  alcohol  to  saturation  the  light  disappears 
and  m  the  solution  is  now  diluted  with  water  or  sea  water,  the  light 
reappears.  The  same  phenomenon  is  observed  if  the  photogenin  be 
filtered  through  a  Chamberlain  porcelain  filter  to  remove  all  traces  of 
cells  or  cell  fragments.  Care  was  taken  to  make  sure  that  the  return 
of  light  was  not  due  to  fluid  adherent  to  the  sides  of  the  test  tube  and 
untouched  by  the  butyl  alcohol. 

A  similar  phenomenon  is  observed  with  ethyl  alcohol  and  acetone. 
If  we  add  in  small  amounts  absolute  ethyl  alcohol  to  a  glowing  mixture 
of  photogenin  and  photophelein,  the  light  becomes  very  dim  when 
16  per  cent  alcohol  has  been  added  and  disappears  with  20  per  cent 
alcohol.  If  now  the  mixture  be  diluted  the  Ught  retiuns.  Acetone^ 
behaves  as  alcohol.  About  23  per  cent  is  necessary  for  extinction  of 
the  light.    Saturation  with  chloretone  does  not  extinguish  the  light. 

The  effect  of  ethyl  alcohol  and  acetone  might  be  explained  as  the 
effect  of  precipitation,  because  of  insolubility  in  the  20  per  cent  solution 
but  we  can  not  so  explain  the  extinction  of  the  Ught  by  butyl  alcohol 
and  subsequent  recovery  on  dilution  since  butyl  alcohol  is  only  soluble 
to  the  extent  of  8.3  parts  in  100  parts  of  water.  We  are  dealing  with  a 
highly  interesting  effect — one  akin  to  anesthesia — ^a  reversible  inhibi- 
tion, not  of  a  cell  or  cell  fragments  but  of  a  solution.  Filtration 
through  porous  porcelain  shows  that  no  cell  fragments  can  be  present. 
I  can  not  here  enter  more  fully  into  a  discussion  of  this  interesting  phe- 
nomenon, whose  bearing  on  anesthesia  is  obvious,  except  to  point  out 
that  if  we  can  anesthetize  a  solution,  we  need  not,  as  some  recent 
theories  have  done,  regard  changes  in  the  cell  membrane  to  be  neces- 
sarily the  ultimate  cause  of  anesthesia. 

It  may  be  pointed  out  in  passing  that  the  production  of  light  gives 
us  the  opportunity  of  observing  the  effect  of,  let  us  say,  an  anesthetic 
or  temperature,  upon  a  process  at  any  particular  instant,  rarely  ob- 
tained in  the  study  of  enzyme  action  or  even  of  cell  action  except  where 
some  movement  is  affected.  For  instance,  we  can  heat  pepsin  to  60** 
and  then  cool  it  and  see  if  it  will  digest  protein.  If  we  find  that  it 
will  digest  protein,  that  gives  us  no  information  as  to  a  reversible  in- 
hibition at  60°,  an  inhibition  which  might  become  non-reversible  if  we 

*  The  sample  of  acetone  at  hand  was  not  particularly  pure. 
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kept  the  pepsin  at  60®  long  enough  to  test  directly  the  power  of  diges- 
tion. We  can,  however,  heat  photogenin  and  photophelein  to  60**, 
cool  them  and  find  out  immediately  if  they  give  light. 

PROTEIN  PRECIPITANTS 

The  light  disappears  in  a  phosphorescent  mixture  of  photogenin  and 
photophelein  when  the  following  substances  are  added  to  the  concen- 
trations indicated:  tannin — ^m/2500  to  m/5000;  phosphotungstic  acid — 
m/2500  to  m/5000;  wcric  acid — ^m/500,  assuming  a  saturated  water 
solution  to  be  1.03  per  cent  or  m/22. 

A  peculiar  phenomenon  observed  with  phosphotungstic  and  tannic 
acids  but  not  with  picric  acid  is,  that,  at  the  lower  limit  of  extinction, 
the  light  reappears  after  first  disappearing  and  more  solution  must  be 
added  in  order  to  extinguish  it  again.  Care  was  taken  to  make  sure 
that  the  phenomenon  was  not  due  to  more  perfect  adaptation  of  the 
eyes  to  the  dark.  When  the  light  is  extinguished  by  dilute  picric  acid 
it  will  reappear  again  on  dilution  with  water. 

ACIDS  AND  ALKALIES 

The  effect  of  acids  (HCl)  and  alkalies  (NaOH)  can  be  seen  by  add- 
ing 1  cc.  of  the  acid  (or  alkali)  of  a  definite  concentration  to  1  cc.  of  a 
glowing  mixture  of  photogenin  and  photophelein.  The  concentration 
of  the  acid  or  alkali  in  the  mixture  will  thus  be  one-hialf  of  the  con- 
centration added.    The  results  are  given  in  table  3. 

TABLES 
Effect  of  acids  and  alkalies  on  light  production 


CONCENTBATION  tS  MIXTURE 

CHARACrSR  OF  LIGHT 

n/250    NaOH 

Instantly  disappears 

n/600    NaOH 

Instantly  very  dim,   lasting  >  5  min- 
utes 
Instantly  dim,  lasting  >  5  minutes 
Instantly  fair,  lasting  >  5  minutes 
Instantly  fair,  lasting  >  5  minutes 
Instantly  fair,  lasting  >  5  minutes 
Remains  good  >  5  minutes 

n/1000  NaOH 

n/2000  NaOH 

n/4000  NaOH 

n/8000  NaOH 

Control 

n/2000  HCI 

Instantly  disappears 

Instantly  dim,  lasting  >  5  minutes 

Remains  good  >  5  minutes 

n/4000  HCl 

n/8000  HCl 
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The  eflfect  of  acid  (HCl)  and  alkaK  (NaOH)  was  also  studied  in  the 
following  way:  1  cc.  fairly  dilute  (one  Cypridina  to  10  cc.)  photophelein 
was  mixed  with  1  cc.  n/500  HCl,  allowed  to  stand  one  hour  and  then 
neutralized  by  adding  an  equal  volume  of  n/1000  NaOH  and  tested 
for  light  by  adding  photogenin.  The  photophelein  was  therefore  in 
contact  with  n/1000  HCl  for  one  hour.  In  this  way  the  effect  of  acid 
on  photogenin  and  photophelein  can  be  separated.  The  results  are 
given  in  table  4. 

TABLE  4 
Effect  of  acid  and  alkali  on  photophelein  and  photogenin 


OONCKfTRATION  OF  HCl 

TBALIZBD  AVTER  ONR  HOUR  AND 
PHOTOOBNIN  ADDED 

BPTBCT  ON  PHOTOOBNIM  NBCTTRAL* 

ICED  AfTBB  ONB  HOUR  AND 

PHOTOPHBLAIN  ADDED 

n/1000 

Negative 
Very  faint 
Bright 
Bright 
Bright 

Negative 

n/2000 

Negative 
Very  faint 
Bright 
Bright 

n/4000 

n/8000 

Control  in  water 

CONCENTRATION  Or  NaOH 

n/31     

Faint 
Faint 
Faint 
Faint 
Faint 
Faint 
Good  faint 

Negative 
Negative 
Negative 
Faint 

n/62    

n/125  

n/250  

n/500  

Fair 

n/1000 

Fair 

Control  in  water 

Fair 

Even  very  small  concentrations  of  NaOH  added  to  a  glowing  mixture 
of  photogenin  and  photophelein  will  decrease  greatly  the  amount  of 
Ught  (table  3).  Thus  if  we  add  1  cc.  n/500  NaOH  to  1  cc.  of  a  brightly 
glowing  mixture,  making  the  concentration  of  NaOH  n/1000,  the  light 
instantly  becomes  very  dim  and  remains  so  for  a  considerable  time. 
If  NaOH  be  added  to  a  concentration  of  n/250,  the  light  disappears 
completely;  if  we  now  neutralize  the  NaOH  with  n/250  HCl,  the  light 
returns,  faint. 

Still  smaller  concentrations  of  HCl  prevent  light  production.  Thus, 
{table  3)  n/2000  HCl  extinguishes  the  light  from  a  luminous  mixture, 
but  on  neutralization  with  n/2000  NaOH,  the  light  return?  and  is 
fairly  bright.  The  effect  of  NuOH  and  HCl  is  therefore  to  inhibit 
light  production,  and  not  to  immediately  destroy  the  photogenin  aiJd 
photophelein  (tables  3  and  4).    Note  also  from  table  4  that  the  photo- 


Digitized  by 


Google 


STUDIES  ON  BIOLUMINESCENCE  335 

genin  is  more  reajlily  aflfected  by  HCl  and  especially  by  NaOH  than  the 
photophelein. 

In  the  case  of  acid  and  alkali  as  with  so  many  other  substances  on 
the  Ught-giving  material,  the  effect  is  reversible  if  the  substance  is  re- 
moved. The  concentration  of  HCl  which  inhibits  light  production  is 
the  same  as  that  affecting  cells,*  although  the  concentration  of  NaOH 
necessary  to  inhibit  light  production  is  somewhat  greater  than  that 
necessary  to  affect  cells  (15). 

POTASSIUM  CYANIDE 

The  effect  of  KCN  is  of  especial  interest  because  of  its  power  of 
inhibiting  cell  oxidations.  It  was  tested  by  mixing  an  equal  volume 
of  photogenin  (one  Cypridina  to  25  cc.)  with  the  KCN  solution,  and 
testing  with  an  equal  volume  of  photophelein  (one  Cypridina  to  12  cc.) 
after  ten  minutes  and  after  one  hour.    Table  5  gives  the  results. 

TABLES 
Effect  of  KCN  on  light  production 


OONCBNTBATION  OF  KCN  IN 
PHOTOOBNIN  SOLUTION 

UOHT  WITH  PHOTOPHSLKIN 
AfTSR   10  MINUTB8 

UOHT  WITH  PHOTOPHBLBIN 
AFTBR   1  HOUR 

n/20 

Fair 
Fair 
Fair 
Bright 

n/30 

Fair 

n/125 

Fair 

n/250. 

Bright 

In  Cypridina  as  in  all  other  limiinous  animals  which  I  have  tried 
(Cavemidaria  (4),  Nodiluca  (2),  fire-fly  (3),  luminous  bacteria),*  KCN 
is  practically  without  influence  on  light  production.  Cavemidaria 
juice,  for  instance,  will  light  for  over  90  minutes  in  n/40  KCN.  On 
the  other  hand,  n/1280  KCN  is  suflBcient  to  completely  inhibit  the 
oxyluminescence  of  pyrogallol  by  the  vegetable  oxidases  (10). 

SATURATION  WITH  SUGAR,    (NH4)2S04  AND   NaCl 

Saturation  of  a  luminous  mixture  of  photogenin  and  photophelein 
with  sugar  or  NaCl  causes  the  light  to  disappear  and  it  reappears  on 
dilution  of  the  mixture  with  water. 

Since  (NH4)iS04  is  acid  a  small  amoimt  of  this  salt  causes  the  Ught 
to  disappear  and  it  does  not  return  upon  dilution. 

•  Unpublished  experiments. 
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Probably  these  phenomena  are  connected  with  the  salting  out  of  the 
hnninoiis  substances,  although  no  signs  of  a  precipitate  are  visible 
when  the  natural  secretion  of  Cypridina  is  saturated  with  NaCl  or 
(NEL:)iS04.  As  already  pointed  out,  this  result  is  no  doubt  due  to  the 
small  concentrations  of  the  substances  present. 

CONCENTRATION  OP  PHOTOGENIN  AND  PHOTOPHELEIN  IN  CypHdina 

In  the  normal  secretion  of  Cypridina,  there  is  more*  photogenin  than 
photophelein,  as  may  be  seen  by  adding  fresh  photophelein  to  the  nor- 
mal secretion  after  the  light  has  disappeared  on  standing.  The  light 
again  appears.  The  photophelein  had  been  completely  used  up. 
This  may  be  shown  in  another  way  by  allowing  a  concentrated  mixture 
of  photogenin  and  photophelein  to  stand  until  the  light  disappears, 
and  then  boiling  one  half  of  the  mixture.  Upon  mixing  the  two  halves 
no  light  results,  as  all  the  photophelein  had  been  used  up  before  the 
photogenin  was  destroyed  in  the  tube  boiled. 

The  concentrations  of  the  two  substances  which  will  give  visible 
light  when  mixed  are  very  small.  In  one  experiment  performed  15 
minutes®  after  the  photophelein  was  obtained,  one  Cypridina  in  25,600 
cc.  of  water  gave  a  just  visible  light  when  mixed  with  an  equal  volume 
of  more  concentrated  photogenin.  The  photogenin  from  one  Cypri- 
dina  in  25,600  cc.  water  will  also  just  give  visible  light  when  mixed 
with  an  equal  volume  of  photophelein. 

We  can  see  how  small  an  amount  of  photogenin  will  give  light  when 
we  consider  that  the  animal  is  about  3.5  by  2.5  by  1.5  mm.  and  that 
the  luminous  gland  is  more  or  less  of  a  cylinder  0.64  high  by  0.24  mm. 
diameter  with  a  volume  of  about  0.03  mm.  or  0.00003  cm.  and  that  one 
limiinous  gland  in  25,600  cc.  water  will  give  visible  light  when  mixed 
with  an  equal  volume  of  photophelein,  or  in  a  ijoncentration  of  51,200 
cc.  Hence  one  part  of  gland  in  about  1,700,000,000  parts  of  water 
will  give  visible  light  upon  the  addition  of  photophelein.  Even  this 
is  a  low  estimate,  as  we  do  not  know  what  the  concentration  of  the 
photogenin  is  in  the  gland  itself. 

When  we  compare  the  amount  of  photogenin  which  can  be  detected 
by  light  production  with  the  amount  of  substances  detectible  by  chemi- 
cal means  we  see  how  extraordinarily  sensitive  the  light  reaction  is. 
AgCl  is  soluble  in  water  to  the  extent  of  one  part  in  625,000  parts 

•  The  experiment  was  performed  as  quickly  as  possible  because  the  photo- 
phelein disappears  on  standing. 
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water  at  20®  (12)  so  that  more  chloride  than  this  must  be  present  to 
be  detected  by  AgNOj,  a  very  delicate  reaction.  KMnO*  is  roughly 
just  distinguishable  by  its  color  in  a  14  mm.  test  tube  in  a  concentra- 
tion of  1:1,250,000. 

Biological  reactions  are,  generally  speaking,  more  delicate  than  in- 
organic reactions.  Zinc  in  traces  has  a  favorable  influence  on  the 
growth  of  moulds  and  1 :  25,000,000  will  increase  the  weight  of  a  crop 
of  AspergiUua  by  50  per  cent  (13).  Copper  will  kill  Spiragyra  in  one 
minute  when  present  in  1:77,000,000  concentration  (13).  According 
to  Kastle  (14),  blood  in  1: 80,000,000  can  be  recognized  by  the  phenol- 
phthalin  reaction.  Since  this  reaction  is  due  to  hemoglobin,  of  which 
blood  contains  about  10  per  cent,  the  hemoglobin  can  be  recognized 
in  1:800,000,000  concentration.  These  figiu*es  give  an  idea  of  the 
delicacy  of  the  photogenin-photophelein  reaction  as  compared  with 
others.  It  should  be  borne  in  mind  that  p3a*ogallol  in  1 :  254,000  will 
give  visible  light  with  potato  juice  and  HjOj  (10). 

IS   PHOTOGENIN   USED    UP   IN   UGHT   PRODUCTION   WITH    PHOTOPHELEIN? 

The  exceedingly  small  concentration  of  Ught  substances  which  give 
visible  light  suggests  that  one  or  both  are  of  enzyme  nature  as  Dubois 
supposes.  There  are  two  ways  of  testing  this  question.  One  is  to 
determine  whether  a  smaU  concentration  of  photogenin  can  use  up  a 
large  concentration  of  photophelein  providing  a  sufficiently  long  time 
is  allowed.  We  can  not  use  this  method  because  photophelein  decom- 
poses spontaneously. 

Another  way  is  to  determine  if  a  smaU  amount  of  photogenin  can  de- 
compose successively  added  amounts  of  photophelein  without  itself 
undergoing  diminution.  This  method  is  not  imequivocal  since  many 
true  enzymes  are  paralyzed  or  destroyed  by  the  decomposition  prod- 
ucts of  the  reaction  which  they  accelerate. 

It  was  found  that  if  we  add  to  1  cc.  of  a  weak  (one  Cypridina  to  50 
cc.)  solution  of  photogenin,  successive  1  cc.  additions  of  a  concentrated 
(one  Cypridina  to  2  cc.)  solution  of  photophelein  as  soon  as  the  Ught 
from  the  preceding  addition  has  disappeared,  after  four  1  cc.  additions 
no  more  light  will  appear.  The  photogenin  is  therefore  used  up  and 
can  not  oxidize  additional  photophelein,  although  there  is  plenty  of 
photophelein  present,  as  can  be  shown  by  adding  fresh  photogenin 
when  a  good  Ught  appears.  With  each  successive  addition  of  concen- 
trated photophelein,  the  Ught  which  at  first  is  very  bright  and  lasts 
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about  one  hour,  becomes  less  brilliant  and  lasts  a  shorter  time.  This  is 
not  due  to  mere  dilution  of  the  dilute  photogenin  as  we  can  dilute  the 
dilute  photogenin  to  the  same  volimie  with  water  and  then  upon  add- 
ing photophelein  a  good  light  results.  We  can  only  conclude  that, 
although  photogenin  can  use  up  a  large  amount  of  photophelein,  it  is 
itself  changed  in  some  way  in  the  reaction  and  disappears.  We  can 
not  say  how  much  photophelein  wUl  combine  with  a  definite  quantity 
of  photogenin  because  we  do  not  know  the  absolute  amoimt  of  these 
substances  in  a  single  Cypridina,  In  the  above  experiment  we  added  a 
concentration  of  photophelein  from  one  Cypridina  100  times  (i.e.,  four 
additions  each  25  times  more  concentrated),  that  of  the  photogenin 
from  one  Cypridina. 

Although  the  evidence  goes  to  show  that  the  photogenin  is  used  up 
it  is  not  nearly  so  rapidly  used  up  as  is  the  oxidase  of  potato  in  the 
production  of  light  from  pyrogallol  (10).  We  must  remember  also 
that  certain  enzymes,  as  zymase,  (thermolabile  and  non-dialyzable)  are 
only  active  in  presence  of  a  co-enz3ane  which  is  not  destroyed  by  heat 
and  is  easily  dialyzable.  In  fact  the  photogenin-photophelein  system 
resembles  to  a  very  remarkable  degree  the  zymase-co-zymase  system. 
There  is  the  same  quantitative  relation  between  zymase  and  co-zymase 
as  between  photogemn  and  photophelein.  If  zymase  is  present  in 
excess,  the  co-enzyme  is  all  used  up;  if  co-zymase  is  in  excess  then  the 
zymase  is  used  up  (16).  Nevertheless,  however  much  photogenin  re- 
sembles co-zymase,  I  have  for  the  present  deemed  it  best  to  avoid  the 
termination  ase.  In  absence  of  more  definite  knowledge  we  may 
provisionally  regard  photogenin  as  a  substance  autooxidizable  only  in 
presence  of  photophelein. 

If  we  try  the  reverse  experiment,  that  of  adding  1  cc.  of  concentrated 
(one  Cypridina  to  2  cc.)  photogenin  to  1  cc.  of  dilute  (one  Cypridina  to 
50  cc.)  photophelein,  a  bright  Ught  lasting  ten  to  fifteen  seconds  ap- 
pears and  no  more  light  upon  adding  additional  concentrated  photo- 
genin. As  might  be  expected  the  small  amount  of  photophelein  is 
very  rapidly  used  up  by  the  large  amount  of  photogenin. 

The  quantitative  relations  between  concentration  of  photophelein 
and  photogenin,  duration  of  Ught,  and  brightness  of  light,  will  be  con- 
sidered in  a  subsequent  paper. 
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SUBfMART 

1.  The  luminous  secretion  of  Cypridina  comes  from  several  spindle 
shaped  yellow  gland  cells  on  the  upper  lip  and  is  extruded  to  the  sea 
water  as  perfectly  clear  granule-free  non-fluorescent  secretion.  The 
light  is  homogeneous  and  bluish  white  in  color. 

2.  If  the  luminous  secretion  stands,  the  light  disappears,  and  if  we 
now  add  an  extract  of  Cypridinas  heated  to  boiling,  the  light  again  re- 
turns; i.e.,  Cypridina  gives  a  luciferin-luciferase  reaction  similar  to 
Pholas  dadylus  as  described  by  Dubois.  • 

3.  C!ontrary  to  Dubois'  theory,  the  luciferase  is  the  source  of  the 
light,  and  not  an  enzyme  causing  light  production  by  oxidation  of 
luciferin,  because  we  can  obtain  Ught  from  luciferase  by  substances 
incapable  of  oxidation  (NaCl,  chloroform,  ether,  etc.).  The  new  names 
of  photogenin  or  light  producer  for  luciferase,  and  photophelein  or  light 
assistor  for  luciferin  have  therefore  been  proposed. 

4.  Oxygen  is  necessary  for  light  production. 

5.  Both  photogenin  and  photophelein  will  pass  a  Pasteur-Chamber- 
lain or  Berkefeld  filter  easily. 

6.  Photophelein  dialyzes  readily  through  heavy  parchment  or  col- 
lodion, photogenin  with  great  difficulty  or  not  at  aU,  even  after  a  period 
of  thirty-six  hours. 

7.  Both  photogenin  and  photophelein  are  adsorbed  by  bone-black 
and  Fe(OH)a. 

8.  The  light-producing  substances  may  be  dried  and  thoroughly  ex- 
tracted with  ether  without  impairing  their  light-giving  power. 

9.  Chemical  tests  on  the  natural  light  secretion  give  negative  results 
since  a  very  small  amount  of  Ught  substance  gives  a  bright  light  and 
at  least  one  part  of  photogenin  or  photophelein  in  1,700,000,000  parts 
of  water  will  give  a  visible  light. 

10.  Photophelein  occurs  throughout  the  body  of  Cypridina,  photo- 
genin only  in  the  luminous  organ.  Photophelein  from  npn-luminous 
parts  disappears  (apart  from  photogenin)  on  standing,  but  not  so 
readily  if  the  extract  has  been  boiled  or  in  the  absence  of  oxygen.  In 
the  fire-fly  and  some  non-liuninous  beetles,  the  photophelein  dis- 
appears so  quickly  that  it  is  best  to  make  the  extract  with  boiling  water. 
In  a  non-liuninous  species  of  Cypridina,  a  photophelein  occurs  in  small 
quantity  with  properties  similar  to  that  in  Cypridina  hilgendorfii. 

11.  Photophelein  occurs  in  extracts  (both  boiled  and  unboiled)  of 
many  non-luminous  organisms,  in  greatest  quantity  in  Lepas  anati- 
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fera.    The  photophelein  of  Lepaa  anatifera  does  not  disappear  on 
standing. . 

12.  Pure  protein  solutions  (peptone,  Na  nucleoproteinate,  albumen, 
etc.)  or  dried  Tnamnialian  blood  do  not  contain  photophelein,  but 
lu-ine  contains  a  similar  body. 

13.  While  photogenin  will  give  Ught  with  many  substances  known  and 
imknown,  photophelein  will  give  light  only  with  the  photogenin  of 
luminous  organs. 

14.  Cypridina  photogenin  will  give  no  brighter  light  with  extracts 
(photophelein)  of  other  Imninous  forms  (Luciola,  CavemiUaria,  Nodp- 
luca)  than  with  extracts  of  non-luminous  forms,  and  Ludoh,  photo- 
genin will  not  give  so  bright  a  light  with  Cypridina  photophelein  as 
with  boiled  extracts  of  non-lmninous  insects.  We  must  conclude  that 
the  two  substances  are  not  specific  for  luminous  forms,  although  there 
is  a  certain  amount  of  specificity,  for  photogenin  gives  the  best  light 
with  photophelein  from  the  same  species. 

15.  Bright  light  can  be  formed  by  Cypridina  at  0**C.  Photogenin 
is  destroyed  above  70®,  the  temperature  and  time  depending  on  the 
concentration;  photophelein  only  after  several  minutes  boiling,  the 
time  depending  also  on  the  concentration.  The  natural  Imninous  secre- 
tion ceases  to  light  at  52  to  54®,  but  the  light  returns  on  cooling. 

16.  Photophelein  is  relatively  unstabile  and  disappears  on  standing, 
the  time  depending  on  the  concentration.  Photogenin  is  much  more 
stabile  but  also  disappears  slowly. 

17.  The  spontaneous  decomposition  of  photophelein  is  retarded 
(perhaps  prevented)  by  lack  of  oxygen  but  hastened  by  addition  of 
preservatives  (chloroform,  ether,  benzol,  thymol).  Photogenin  can 
be  kept  longer  by  addition  of  preservatives.  One  sample  preserved 
with  chloroform  retained  its  power  to  give  light  with  photophelein  for 
over  fifty-six  days  at  room  temperature. 

18.  Saturation  with  ether,  chloroform,  benzol,  thymol  or  chloretone 
does  not  affect  the  light  from  a  mixture  of  photogenin  and  photo- 
phelein. Saturation  with  butyl  alcohol  or  20  per  cent  ethyl  alcohol  or  16 
per  cent  acetone  extinguishes  the  light,  and  if  the  mixture  is  diluted  with 
water,  the  light  reappears.  This  phenomenon  of  anesthesia  of  a  boIip- 
lion  is  given  by  photogenin  filtered  through  porcelain  plus  photo- 
phelein and  difficultly  soluble  butyl  alcohol,  so  that  it  can  not  be  due  to 
the  presence  of  cell  fragments  or  to  insolubility  in  the  20  per  cent  ethyl 
alcohol. 

19.  Picric  acid^  tannic  acid  and  phosphotungstic  acid  extinguish  the 
light  in  very  weak  concentratiojia,  and  the  light  returns  in  the  case  of 
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picric  acid  if  the  solution  is  diluted  with  water.  In  the  case  of  tannic 
and  phosphotungstic  acids,  the  light  returns  after  first  disappearing 
even  wUhovi  diluting, 

20.  HCl  between  n/2000  and  n/4000  and  NaOH  between  n/250  and 
n/500  extinguish  the  Ught,  and  the  effect  is  reversible  upon  neutraliza- 
tion. It  can  be  shown  that  both  HCl  and  NaOH  affect  the  photogenin 
more  readily  than  the  photophelein  and  that  the  effect  of  NaOH 
especially  is  more  readily  reversible. 

21.  KCN  does  not  inhibit  light  production  even  in  strong  concen- 
tration. 

22.  Saturation  with  (NH4)2S04,  NaCl  or  cane  sugar  extinguishes  the 
light  most  readily  in  the  order  named,  and  the  effect  is  reversible  ex- 
cept in  case  of  (NH4)jS04  (due  to  acidity). 

23.  In  the  natural  secretion  of  Cypridina  or  in  the  whole  animal  there 
is  always  enough  photogenin  to  completely  use  up  the  photophelein. 
The  photogenin  from  one  animal  will  use  up  a  large  additional  amount 
(at  least  100  times  the  concentration  in  one  animal)  of  photophelein, 
but  not  an  indefinite  amount,  so  that  photogenin  is  not  a  true  enz3rme 
in  the  strict  sense  of  the  word,  unless  it  be  an  enzyme  poisoned  by  its 
own  reaction  products.  The  photogenin-photophelein  system  re- 
sembles the  zymase-co-zymase  S3n3tem  to  a  remarkable  degree,  but  it 
is  best  for  the  present  to  regard  photogenin  not  as  an  enzyme  but 
merely  as  a  substance  autooxidizable  only  in  presence  of  photophelein. 
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The  experiments  recorded  herein  have  been  made  during  a  period  of 
two  years  on  several  different  species  of  fire-fly — ^the  American  Phoiuris 
pennsyhanica  and  Photinus  pyralis,  the  Japanese  Luciola  vitticoUis 
and  parva  and  the  West  Indian  "Cucullo,"  Pyropharus  noctilitcans 
and  havaniensis  All  the  species  are  essentially  similar  in  behavior, 
and  in  general  the  statements  apply  to  all. 

In  the  second  paper  of  "Studies  on  Bioluminescence"  (1)  I  pointed 
out  that  the  fire-fly  gave  Dubois'  (2)  luciferin-luciferase  reaction 
(i.e.,  an  extract  of  the  luminous  organ  allowed  to  stand  xmtil  the  light 
disappears  will  again  give  Ught  if  mixed  with  an  extract  of  luminous 
gland  which  has  been  boiled),  and  that  luciferin  from  one  species  or 
genus  of  fire-fly  would  give  Ught  with  lucif erase  from  another  species 
and  vice  versa.  In  the  fourth  paper  of  the  series,  (3)  I  showed  that  in 
Cypridina  Ihibois'  luciferase  (the  thermolabile  substance)  was  the 
source  of  the  light  and  not  luciferin  (the  thermostabile  substance)  as 
Dubois'  theory  supposes,  and  I  proposed  that  these  substances  be 
called  photogenin  (light  producer),  equivalent  to  luciferase,  and  photo- 
phelein  (light  assistor),  eqxiivalent  to  luciferin.  Photogenin  (luciferase) 
will  use  up  a  large  amount  of  photophelein  (luciferin)  but  itself  also 
disappears  in  the  process  so  that  it  seems  best  to  avoid  the  enzyme 
termination  ase  for  the  present.  Photogenin  appears  to  be  a  substance 
auto-oxidizable  with  light  production  in  presence  of  photophelein. 

Since  the  fire-fly  differs  from  Pholas  and  agrees  with  Cypridina  in 
important  points — in  the  fact  that  fire-fly  photophelein  (luciferin) 
can  not  be  oxidized  with  oxidizing  agents,  and  is  found  in  many  non- 
luminous  forms — I  have  also  applied  the  names  photogenin  and  photo- 
phelein to  the  light  producing  substances  of  the  fire-fly. 

A  brief  account  of  the  properties  of  fire-fly  photogenin  and  photo- 
phelein as  compared  with  other  luminous  forms  follows. 
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DISTRIBUTION   OF  PHOTOGENIN  AND    PHOTOPHELEIN 

While  photogenin  is  found  only  in  the  luminous  gland  cells  of  the 
fire-fly,  photophelein  is  distributed  throughout  the  body  of  the  fire-fly, 
the  opposite  of  the  condition  described  by  Dubois  for  Pholas.  An 
extract  of  the  non-luminous  parts  of  the  fire-fly  will  give  light  with 
photogenin,  but  only  if  tested  immediately  the  extract  is  made.  An 
extract  ten  minutes  old  is  found  to  contain  no  photophelein  unless 
it  has  been  previously  boiled.  After  boiling  the  photophelein  can  be 
kept  for  many  days  without  decomposition.  There  appears  to  be 
something  in  the  extract  of  non-luminous  parts  of  the  fire-fly  which 
causes  the  photophelein  to  disappear  xmless  the  former  is  destroyed  by 
heat.  That  this  is  the  case  can  be  shown  by  adding  xmboiled  extract 
of  the  non-luminous  parts  to  photophelein,  when  the  latter  disappears 
from  solution.  Because  of  failure  to  boil  the  non-luminous  fire-fly 
extract,  I  had  previously  overlooked  the  existence  of  photophelein  in 
regions  other  than  the  luminous  gland.  Lack  of  oxygen  retards  (pre- 
vents?) the  disappearance  of  photophelein  from  non-luminous  parts, 
showing  that  an  oxidation  is  involved.  Note  that  just  as  photophelein 
disappears  in  contact  with  photogenin  and  oxygen  with  light  produc- 
tion, so  it  also  disappears  in  contact  with  this  substance  in  non-lumi- 
nous parts,  but  without  light  production.  In  this  respect  the  fire- 
fly agrees  perfectly  with  Cypridina, 

Among  non-luminous  forms,  we  find  some  whose  extract  will  give 
light  with  photogenin  whether  boiled  or  unboiled,  others  whose  boiled 
extract  only  will  give  light,  and  others  whose  extract  will  give  no  Ught 
whether  boiled  or  unboiled.  The  first  mentioned  presumably  contain 
photophelein  not  readily  destroyed  by  standing,  the  second  are  similar 
to  the  fire-fly  and  the  third  may  contain  no  photophelein  or  some  sub- 
stance very  quickly  destructive  to  photophelein  or  an  excess  of  acid 
or  perhaps  merely  xmstabile  photophelein.  The  exact  reasons  have 
not  yet  been  worked  out.    The  following  extracts  were  tried: 

Luciola  photogenin  X  caterpillar  (sp?)  blood bright 

Luciola  photogenin  X  caterpillar  (sp?)  blood,  boiled bright 

Luciola  photogenin  X  beetle  (coccinella  7-punctata)  extract negative 

Luciola  photogenin  X  beetle  ^(coccinella  7-punctata)  extract,  boiled bright 

Luciola  photogenin  X  beetle  (Glysiphana  jucunda)  extract negative 

Luciola  photogenin  X  beetle  (Gl3r8iphana  jucunda)  extract,  boiled bright 

Luciola  photogenin  X  beetle  (Anomala  rufscuprea)  extract negative 

Luciola  photogenin  X  beetle  (Anamola  rufscuprea)  extract,  boiled negative 

Luciola  photogenin  X  grasshopper  (Pachytylus  danicus)  extract very  faint 
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Luciola  photogenin  X  grasshopper  (Pachytylus  danicus)  extract,  boiled — faint 

Luciola  photogenin  X  myriapod  (Scolopendra  sp?)  extract faint 

LucioU  photogenin  X  myriapod  (Scolopendra  sp?)  extract,  boiled faint 

Luciola  photogenin  X  ox  blood  extract  (boiled  or  unboiled) .negative 

Luciola  photogenin  X  neutral  potato  juice  (boiled  or  unboiled) negative 

Note  that  the  oxidases  of  blood  or  potato  juice  will  give  no  light  with 
photogenin  and  they  also  will  give  no  light  with  photophelein,  even  if 
we  add  HjOt.  As  pointed  out  in  my  previous  papers,  although  the 
oxidases  can  oxidize  pyrogallol  with  light  production  (4),  they  have 
nothing  to  do  with  Ught  production  by  animals. 

CONCENTRATION  OF  PHOTOGENIN  AND  PHOTOPHELEIN  NECESSARY  TO 

PRODUCE  LIGHT 

The  amoxmt  of  photogenin  in  the  fire-fly  is  greater  than  the  amount 
of  photophelein  necessary  to  combine  with  it;  otherwise  we  would  not 
be  able  to  obtain  photogenin  because  it  would  be  completely  used  up 
in  combination*  with  photophelein.  In  some  luminous  animals  {Noctu 
luca,  CavemiUaria,  Watdsenia),  I  have  utterly  failed  to  demonstrate  a 
photogenin-photophelein  reaction  under  conditions  which  should  be 
favorable  and  after  many  attempts  to  demonstrate  it.  The  explana- 
tion of  this  result  may  Ue  in  the  presence  of  equivalent  amoxmts  of  the 
two  substances. 

Both  photogenin  and  photophelein  are  found  in  much  smaller  con- 
centration in  the  fire-fly  than  in  Cypridina.  The  photogenin  from  one 
fire-fly  (Luciola  parva)  whose  average  size  is  8.2  X  3.1  mm.  with  lumi- 
nous organ  in  the  c?  2.2  X  1.5  mm.  and  in  the  9  2.3  X  0.5  nun.,  will 
give  just  visible  light  in  1.6  cc.  water,  and  the  photophelein  from  one 
fire-fly  in  3.2  cc.  water.  The  greater  possible  dilution  of  the  photo- 
phelein is  due  no  doubt  to  the  fact  that  the  photophelein  comes  from 
the  whole  body  while  the  photogenin  is  derived  only  from  the  luminous 
gland.  When  we  compare  this  with  the  crustacean,  CypridinQf  which 
will  give  visible  light  in  25,600  cc.  or  one  part  of  luminous  gland  in 
1,700,000,000  parts  of  water,  we  see  that  the  fire-fly,  despite  the  bril- 
liancy of  its  Ught,  is  not  a  very  powerful  light  producer. 

*  I  have  not  actually  made  the  experiment  to  show  that  photogenin  is  used 
up  in  giving  light  with  photophelein,  but  it  seems  highly  probable  that  this  is 
the  case  in  the  fire  fly  as  it  is  in  Cypridina. 
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PROPERTIES  OP  PHOTOGENIN  AND   PHOTOPHELEIN 

As  to  the  chemical  nature  of  photogenin  and  photophelein,  nothing 
definite  is  known.  The  photophelein  is  much  the  more  stable  sub- 
stance and  can  be  preserved  imtil  attacked  by  bacteria  or  with  chloro- 
form, for  over  70  days.  It  dialyses  readily  through  collodion,  is  not 
adsorbed  by  lamp-black,  and  is  not  readily  affected  by  ether  and 
benzol.  Photogenin,  on  the  other  hand,  disappears  in  less  than  five 
hours  at  25°C.,  is  quickly  destroyed  by  ether,  benzol  and  chloroform, 
and  will  not  dialyse  readily  if  at  all. 

In  this  ready  destruction  of  photogenin  by  the  fat  solvent  anaes- 
thetics, the  fire-fly  resembles  Pholas  dactylus  and  differs  markedly 
from  Cypridina.  One  sample  of  Cypridina  photogenin  was  preserved 
imder  chloroform  for  over  54  days  and  still  gave  light  with  photophelein. 

Luciola  photogenin  is  destroyed  at  about  42°,  while  the  photophelein 
is  still  active  after  ten  minutes  boiling.  A  bright  light  is  produced 
on  mixing  the  two  at  0°C. 

Very  weak  concentrations  of  acids  prevent  the  production  of  light 
of  the  fire-fly,  less  weak  concentrations  of  alkalis  are  necessary  and 
KCN  does  not  affect  light  production  in  strong  (m/100)  concentrations. 

The  following  table  summarizes  the  characters  of  photogenin  and 
photophelein  (luciferase  and  luciferin)  as  found  by  Dubois  for  Pholas 
and  by  myself  for  Cypridina  and  the  fire-fly.  Where  a  statement 
runs  through  both  photogenin  and  photophelein  colunui  it  applies 
to  a  mixture  of  the  two  substances.  A  blank  indicates  that  the  experi- 
ment has  not  been  tried. 
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Panceri  (1),  working  with  Pennatula  phosphorea,  has  given  us  the 
best  account  of  phosphorescence  among  the  pennatulids.  He  describes 
the  light  as  coming  from  eight  bands  of  cells  on  the  outer  wall  of  the 
stomach  and  continued  into  buccal  papillae.  They  contain  a  luminous 
"fatty"  matter  which  can  easily  be  squeezed  out  as  a  sort  of  slime  and 
which  does  not  decompose  readily.  He  also  fotmd  that  on  stimulation 
a  wave  of  light  would  pass  over  the  colony  in  any  direction  at  a  rate 
of  about  5  cm.  per  second.  In  a  form  like  Cavemidaria  he  describes 
also  somewhat  similar  conditions  (1,  p.  40),  but  his  descriptions  are 
very  meager.  I  have  foimd  the  Japanese  species  of  Cavemularia 
more  favorable  for  light  experimentation  than  Pennaitda  and  the 
following  pages  contain  confirmation  of  Panceri's  experiments  on  the 
light  waves  passing  over  the  colony  and  a  general  account  of  the  chemis- 
try of  light  production. 

GENERAL  CHARACTERS 

Cavemularia  haberi  is  especially  abundant  in  the  fjord  of  Aburat- 
subOy  Japan,  near  Misaki,  the  Marine  Station  of  the  Imperial  Uni- 
versity of  Tokio.  The  colony  of  animals  lies  hidden  in  the  sand  and 
contracted  during  the  day,  but  at  night  takes  up  water  and  expands, 
large  ones  to  the  length  of  2  feet.  If  stimulated  by  touching  or  electri- 
cally or  by  the  addition  of  ammonia,  a  slime  is  formed  similar  to  that 
produced  by  most  of  the  Cnidaria  upon  irritation,  but  differing  in  that 
it  is  brightly  luminous.  The  whole  of  the  outer  surface  of  the  colony 
can  form  the  luminous  slime,  but  not  the  spongy  inner  material.  The 
stalk,  containing  no  pol3rps,  is  especially  brilliant. 
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The  slime  may  be  dried  over  CaCU  and  will  give  light  when  moistened 
with  sea  water  or  fresh  water. 

By  squeezing  Cavernularia,  from  which  most  of  the  sea  water  has 
been  gently  pressed,  one  can  easily  obtain  a  limiinous  juice  which  is 
still  luminous  when  filtered  through  filter  paper  and  retains  its  lumines- 
cence for  several  hours.  Examination  of  the  filtrate  imder  the  micro- 
scope in  the  dark  shows  that  the  light  comes  from  minute  points  of 
light  which  makes  the  field  of  view  look  like  the  starry  heavens.  If 
water  is  added  to  this  sea  water  juice,  the  light  is  greatly  increased  due 
to  the  appearance  of  ntmierous  additional  points  of  light.  These 
points  of  light  come  from  minute  granules  and  globules  easily  visible 
in  the  filtered  juice  imder  the  microscope.  The  addition  of  water  to  a 
dark  Cavemularia  juice  which  has  stood  for  two  days  will  cause  the 
appearance  of  light  due  to  the  dissolving  of  the  granules  and  globules. 
So  sensitive  are  they  to  the  addition  of  water  that  one  drop  of  fresh 
water  added  to  5  cc.  of  juice  will  produce  light,  and  so  bright  is  the 
light  that  the  addition  of  one  drop  of  Cavemularia  juice  to  5  cc.  of 
fresh  water  produces  a  light  easily  visible  when  the  drop  is  mixed  with 
the  5  cc. 

By  centrifuging  the  filtered  juice,  the  granules  may  be  partially 
thrown  down  and  will  give  a  brilliant  light  if  fresh  water  is  added  while 
the  liquid  itself  (turbid  in  appearance)  gives  a  much  fainter  light. 
No  light  is  produced  upon  the  addition  of  water  to  a  parchment  paper 
sea  water  dialysate  of  the  juice,  so  that  light  production  is  undoubtedly 
connected  with  the  visible  globules  and  granules  of  the  juice.  That 
it  is  connected  with  the  solution  of  the  granules  is  indicated  by  the 
fact  that  fresh  water  but  not  salt  water  or  cane  sugar  is  able  to  call 
forth  the  production  of  Ught.  The  process  appears  to  be  similar  to 
the  cytolysis  of  cells  as  can  be  observed  by  an  inspection  of  table  2 
which  shows  the  effect  of  adding  various  substances  to  the  dark  juice 
of  Cavemularia, 

The  light  giving  granules  of  Cavemularia  will  pass  through  an  alimdum 
filter  crucible  (R  A  84)  of  the  finest  pores  but  not  through  a  Pasteur- 
Chamberlain  filter  tube.  The  liquid  passing  through  the  latter  is 
perfectly  clear  and  *  non-limiinous  and  gives  no  light  when  water  is 
added. 

There  is  no  adsorption  of  the  light  producing  substance  by  bone 
black  or  Fe(OH),. 
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ELECTRICAL  STIMX7LATION 

The  juice  of  Cavemvlaria  filtered  through  filter  paper  does  not 
respond  to  the  strongest  interrupted  induced  shocks.  The  living  colony, 
however,  responds  readily. 

When  a  galvanic  current  is  passed  through  one  of  the  excised  polyps 
mounted  between  non-polarizable  electrodes,  a  flash  of  light  occurs  on 
the  make  and  a  series  of  flashes  while  the  current  is  passing,  which 
cease  on  the  break.  There  is  no  flash  of  light  on  the  break.  A  similar 
response  can  be  observed  with  NodUuca  (2).  It  will  be  remembered 
that  Romanes  (3)  observed  a  series  of  contractions  in  the  bell  of  a 
medusa  during  the  passage  of  a  galvanic  current,  and  the  sartorius 
muscle  of  the  frog  often  contracts  on  the  make  of  a  galvanic  current, 
remains  contracted  during  the  passage  of  the  current  and  relaxes  on 
the  break. 

K  the  whole  colony  be  stimulated  by  weak  induced  shocks,  there  is  a 
local  production  of  light.  There  is  usually  no  response  to  a  single  shock, 
but  a  ready  response  to  three  or  more  sent  in  in  rapid  succession.  With 
stronger  stimuli,  a  wave  of  light,  easily  followed  by  the  eye,  passes 
over  the  colony  in  each  direction  from  the  point  stimulated.  With 
interrupted  induced  shocks,  a  series  of  waves  of  light  follow  one  another 
in  quick  succession  (not  corresponding  to  the  number  of  stimuli,  how- 
ever), reminding  one  of  the  series  of  electric  shocks  given  out  by  the 
torpedo,  only  on  a  slower  scale.  The  time  interval  between  separate 
flashes  no  doubt  corresponds  to  the  refractory  period  of  the  cells  concerned. 

On  pressing  deeply  into  the  tissue  and  stimulating  strongly,  a  much 
brighter  light  response  also  results  which  very  slowly  moves  away  from 
the  point  of  stimulation  and  usually  does  not  extend  more  than  2  or 
3  cm.  At  the  same  time  the  whole  colony  contracts,  the  polyps  are 
drawn  in  and  in  this  condition  do  not  respond  to  electrical  stimulation 
by  light  production. 

The  wave  of  light  above  mentioned  will  pass  in  any  direction  over 
the  colony  and  across  a  cut  around  the  middle  of  the  colony,  involving 
the  whole  of  the  external  tissue.  Some  inner  tissue  must  therefore 
be  capable  of  conducting  the  stimulus. 

LACK  OF  OXYGEN 

That  the  production  of  light  by  Cavemrdaria  is  an  oxidation  can  be 
very  readily  determined  by  passing  a  current  of  hydrogen  through  the 
juice,  when  the  light  disappears  but  promptly  reappears  upon  admitting 
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oxygen.    A  sample  of  phosphorescent  juice  kept  twenty-four  hours 
in  an  atmosphere  of  hydrogen  gave  light  when  air  was  adnaitted> 

Considerable  oxygen  is  necessarj'  as  may  be  seen  by  keeping  the 
juice  in  a  tall  test  tube,  when  it  lights  only  at  the  surface  in  contact 
with  air.  The  light  appears  throughout  the  tube,  however,  if  mixed 
with  air. 

REDUCTASE,  OXIDASE  AND  CATALASE  * 

A  tube  of  Cavemularia  juice  shut  off  from  the  air  very  quickly  reduces 
(decolorizes)  methylene  blue.  The  blue  color  reappears  when  ox>"gen 
is  admitted.  This  reaction  has  nothing  to  do  with  light  production, 
however,  as  it  is  given  also  by  a  non-luminous  sea  anemone  ( Anthopleura 
xanthogrammica)  and  many  other  animal  tissues  which  can  not  produce 
light. 

Unboiled  Cavernidaria  juice  also  gives  oxidaife  reactions  upon  addi- 
tion of  HfOa  with  guaiac,  pjTogallol  (slight),  a-napthol,  para-phenylen 
diamine,  indophenol  reagent,  ortol  and  pyrocatechin.  The  lx>iled 
juice  gave  a  slight  positive  teat  with  guaiac,  para-phenylen  diamine 
and  the^  indo-phenol  reagent.  Many  other  non-luminous  tissues  give 
these  reactions,  however,  and  there  is  abundant  evidence  to  show 
that  light  production  in  animals  is  not  connected  with  the  ordinary 
oxidases  (peroxidases)  (4), 

As  in  all  other  organic  tissues,  catalase  is  also  present  in  the  juice  of 
Cavemularia, 

TEMPERATUKE 

The  juice  of  Cavemularia  still  gives  a  good  light  at  0°C,..  as  do  pieces 

of  the  colony  if  stimulated. 

On  raising  the  temperature,  the  light  of  Cavemularia  juice  disappear 
at  52°  and  does  not  reappear  on  cooling.  Pieces  of  the  colony  slowly 
heated  begin  to  light  spontaneously  at  about  40^. 

The  light  of  Noctiluca  (2)  disappears  at  48^  ^  Cypridimi  (5)  at  aWut 
54**,  a  hydro  id,  Sertularia  sp,  at  54^,  the  fire- fly,  Luciola  (6)  at  42*,  and 
luminous  bacteria  at  38*^  (8). 

PHOTOGENIN  AND  PHOTOPHELEIN 

Unlike  the  fire-fly,  Cypridina  and  Pholas  dactylus,  it  is  impossible 
to  separate  the  luminous  juice  of  Caverjiularia  into  two  svibstanee^, 
photogenin  and  photophelein  (hicif erase  and  luciferin)  (6),  one  de- 
stroyed by  boiling,  the  other  not,  which  will  give  light  when  mixed 
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(4,  5).  We  can  not,  for  instance,  cause  light  to  appear  in  Cavemtdaria 
jiiice  which  has  stood  until  the  light  has  disappeared  by  adding  fresh 
luminous  Cavemularia  juice  heated  to  boiling  and  then  cooled;  neither 
(An  we  obtain  light  by  adding  juice  heated  to  temperatures  below 
boiling  (88^  8^,  71^  61^  or  52*^C.)  and  then  cooled. 

Another  species  of  Pennatulid,  Pennatula  sp.,  as  also  Noctiluca 
and  the  squid,  WcUaaenia  scintiUans  behaves  as  does  Cavemularia. 
None  of  these  organisms  gives  the  photophelein-photogenin  (luciferin- 
luciferase)  reaction  for  reasons  at  which  we  can  only  guess.  The 
photogenin  or  photophelein  may  be,  either  of  them,  very  unstabile 
or  there  may  be  sufficient  photophelein  to  use  up  all  the  photogenin. 
The  evidence  in  this  case  seems  to  indicate  that  the  photophelein  is 
unstabile  as  we  can  obtain  a  faint  light  with  Cypridina  photophelein 
or  fire-fly  photophelein  (both  prepared  with  sea  water)  and  the  non- 
luminous  CavemiUaria  juice  (photogenin).  Pennatula  and  Noctiluca 
photophelein  gave  negative  results  with  Cavemularia  juice  and  vice 
versa. 

The  question  may  be  asked — what  substances  are  able  to  cause  light 
to  appear  ih  the  juice  of  Cavemularia  which  has  stood  until  completely 
dark?  Usually  four  to  six  hours  are  sufficient  time  for  the  juice  to 
lose  its  luminescence.  It  is  still  capable  of  giving  out  a  bright  light 
if  we  add  fresh  water  (but  not  sea  water)  to  it,  and  it  retains  this  poten- 
tiality for  over  two  days  at  20°C.  (see  table  1)  and  a  shorter  time  at 
higher  temperatures.  As  only  fresh  water  and  not  sea  water  will  call 
forth  the  light,  and  as  we  know  that  light  production  is  connected 
with  the  granules  of  the  juice,  the  process  appears  similar  to  the  cytoly- 
sis  of  cells — i.e.,  to  the  swelling  and  solution  of  the  granules  which  the 
cells  contain,  in  fresh  water. 

By  this  means  something  is  liberated  from  the  granules  of  Caver- 
nularia  juice  which  oxidizes  with  light  production.  Table  2  gives  the 
results  of  adding  various  other  substances,  pure  or  dissolved  in  sea 
water,  to  the  dark  Cavemularia  juice.     Note  from  the  table  that 

TABLE  1 
Effect  of  standing  on  light  producing  power  of  CavemiUaria  juice 


Juice  +  water 

Juice  12  hours  old  at  20'*C.  +  water. 
Juice  24  hours  old  at  20*'C.  +  water. 
Juice  48  hours  old  at  20*'C.  -h  water. 
Juice  72  hours  old  at  20*C.  +  water. 


Bright  light 
Bright  light 
Fair  light 
Faint  light 
None 
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TABLE  2 
Effect  of  substances  in  calling  forth  light  from  non4uminou8  cwemtUaria  juice 


SOLUTION  OB  8UB8TJLMCB  ABDBO 


CHAXAOTBB  OV  LUnT 


50  per  cent  sea  water 

66  per  cent  sea  water 

75  per  cent  sea  water 

80  per  cent  sea  water 

90  per  cent  sea  water 

Water 

Sea  water 

Sea  water  evaporated  to  one-half  volume 

m  cane  sugar 

m/2  cane  sugar 

m/4  cane  sugar 

m/8  cane  sugar 

Chloroform  saturated  sea  water 

One-half  Chloroform  saturated  sea  water 

One-quarter  Chloroform  saturated  sea  water 

Chi  ore  tone  saturated  sea' water 

One-half  Chloretone  saturated  sea  water 

One-quarter  Chloretone  saturated  sea  water. . 

Thymol  saturated  sea  water 

One-half  Thymol  saturated  sea  water 

One-quarter  Thymol  saturated  sea  water 

Benzol 

Ether 

Chloroform , 

Chloretone  cr3r8tals 

Thymol  crystals 

Chloral  hydrate  cr3rstals 

Saponin  powder 

Oleic  acid 

Ortol  cryBtals 

Hydrochinon  crystals 

Resorcin  crystals 

Pyrocatechin  crystals 

Pyrogallol  crystals 

BasOs  powder 

NajOj  powder 

KMnOw  crystals 

KjCrjOr  cr3r8tal8 

FeCl, 

FeS04  crjrstals 

K4Fe(CN), 

Laonome  japonica  (an  annelid)  blood 

Dried  ox  blood  extract  in  sea  water 

Lepas  anatifera  extract 


Bright  light 

Fair  light 

Fainter  light 

Very  faint  light 

None 

Bright  light 

None 

None 

None 

Faint  light 

Fair  light 

Good  light 

Faint  light 

Very  faint  light 

None 

None 

None 

None 

Fair  light 

Faint  light 

Very  faint  light 

Faint  light 

None 

None 

Very  faint  light 

Faint  light 

Faint  light 

Fair  light 

Faint  light 

Faint  light 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Faint 

None 

None 

None 
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SOLUTION  OB  8UB8TANCB  ADDBD 


Lepas  anatifera  extract  boiled 

Chiton  sp:  extract 

Chiton  sp:  extract  boiled 

Onchidium  sp.  extract  (a  puimonate  mollusc) 

Onchidium  sp.  extract  boiled 

DolabeUa  sp.  blood  (a  nudibranch) 

DolabeUa  sp.  blood  boiled 

Sepia  esculenta  blood 

Septa  escuUnta  blood  boiled 

Panulirua  japonica  blood 

Pantdirus  japonica  blood  boiled 

Cypridina  hilgendorfii  photophelein  in  sea  water 
Luciola  vitiicollis  photophelein  in  sea  water 


CHARACTBR  09  LIGHT 


None 

None 

None 

None 

None 

Faint 

None 

None 

None 

Very  faint  light 

None 

Fair  light 

Fair  light 


light  production  is  not  due  to  dilution  of  the  salts  of  sea  water  by 
adding  fresh  water,  since  m  cane  sugar  does  not  call  forth  the  light. 
Note  also  that  many  cytolytic  substances  (chloroform,  benzol,  thy- 
mol, etc.)  give  light,  but  not  the  oxidizing  agents — NajO,  KMn04, 
etc.  The  blood  of  certain  invertebrates  also  causes  very  faint  Ught 
production,  but  we  can  not  be  sure  that  this  is  not  due  to  the  fact  that 
the  blood  is  somewhat  less  concentrated  than  sea  water,  although  the 
determinations  of  other  closely  allied  forms  show,  the  salt  content 
to  be  the  same  as  the  sea  water  in  which  they  live. 

CHEBOCAL  REACTIONS 

The  luminous  juice  of  Cavemularia  contains  the  limiinous  substance 
but  mixed  with  many  other  substances  so  that  mere  chemical  tests  on 
the  juice  are  of  no  value  in  determining  the  chemical  nature  of  the 
luminous  substance.  The  luminous  material  is  salted  out  along  with 
the  other  proteins  but  does  not  retain  its  power  to  phosphoresce  long 
enough  to  be  manipulated  by  the  ordinary  chemical  methods.  The 
following  paragraphs  give  the  results  of  precipitation  by  (NH4)2S04, 
picric  acid,  alcohol,  etc. 

K  to  the  fresh  filtered  luminous  juice  of  Cavemularia  we  add  sugar, 
NaCl,  MgSO^,  (NH4)2S04  to  saturation,  or  5  volumes  of  glycerine,  the 
light  disappears.  A  heavy  precipitate  forms  in  (NH4)2S04),  a  small 
precipitate  in  MgS04  and  practically  none  in  NaCl.  The  precipitates 
are  soluble  in  sea  water.  No  precipitate  is  formed  in  sugar  or  glycerine. 
If  poured  into  fresh  water  or  sea  water  immediately  after  the  light  has 
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disappeared,  light  is  produced  by  all  solutions.  If  the  tubes  are  al- 
lowed to  stand  for  a  day,  no  light  is  produced  by  any  tube  on  pouring 
into  fresh  water  or  sea  water. 

If  alcohol  or  acetone  (3  vols.)  is  added  to  the  juice,  a  precipitate 
forms  and  the  light  disappears.  The  precipitate  is  insoluble  and  gives 
no  light  in  sea  water  or  fresh  water. 

The  alkaloidal  reagents,  picric  acid,  phosphotungstic  acid  and  tannic 
acid  immediately  cause  precipitation  with  disappearance  of  light.  The 
precipitates  are  insoluble  in  sea  water  or  fresh  water  and  produce  no 
Ught. 

Normal  acetic  acid  or  n  NH4OH,  added  drop  by  drop  produce  no 
precipitate  although  the  light  disappears  in  weak  concentrations. 

ANESTHESIA 

Ether,  chloroform  and  benzol  cause  a  fairly  rapid  disappearance  of 
the  light  in  the  order  named,  the  ether  most  rapid.  In  turpentine, 
chloral  hydrate,  thymol  and  chloretohe,  the  light  stays  for  a  long  time 
and  then  disappears.  There  is, no  reappearance  of  light  from  any 
of  the  tubes  if  poured  into  fresh  water  or  sea  water  unless  we  do  so 
immediately  the  light  has  disappeared,  and  then  the  light  is  very  faint 
and  momentary. 

In  other  words,  the  juice  can  not  be  anesthetized.  Even  in  concentra- 
tions of  alcohol,  ether,  chloroform  or  butyl  alcohol  which  cause  a  slow 
disappearance  of  light,  there  is  no  recovery  or  only  a  momentary  faint 
glow  upon  dilution  of  the  solutions  with  sea  water.  The  alcohols  give 
similar  results.  About  16  per  cent  ethyl  alcohol  will  cause  the  light 
to  disappear  in  one  minute,  but  there  is  no  recovery  or  only  a  very 
faint  momentary  glow  on  diluting  with  sea  water.  Saturation  with 
butyl  alcohol  gives  a  similar  result. 

Since  reversibiUty  is  the  sine  qua  non  of  anesthesia,  we  must  conclude 
that  this  juice  can  not  be  anesthetized,  in  this  respect  differing  markedly 
from  the  granule  free  Cypridina  luminous  secretion  which  can  be 
anesthetized  by  the  alcohols.  Also  many  luminous  organisms,  for 
instance  luminous  bacteria  (9),  can  be  truly  anesthetized. 

POTASSIUM  CYANIDE 

Potassium  cyanide  has  no  inhibiting  effect  upon  the  light  production 
of  Cavemularia  juice.  Even  in  m/40  concentration,  the  light  is  still 
bright  after  ninety  minutes,  a  result  agreeing  with  all  my  other  experi- 
ments on  luminous  organisms  (bacteria,  fire-fly,  Cypridina^  Noctiluca). 
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SUMMARY 


1.  The  light  of  Caverntdaria  comes  from  a  luminous  slime,  a  secretion 
of  gland  cells  over  the  outer  surface  of  the  colony. 

2.  The  secretion  contains  small  granules  which  can  be  seen  to  emit 
the  light.  On  standing  the  light  from  a  sea  water  extract  of  Caver- 
nularia  slowly  disappears  and  will  not  return  on  shaking,  but  reappears 
if  fresh  water  is  added  to  the  juice. 

3.  The  light  substance  (i.e.,  the  granules)  will  pass  an  altmdxun  filter 
(R  A  84)  but  not  a  Chamberlain  filter.  It  is  not  adsorbed  by  bone 
black  or  Fe(0H)8  and  will  not  dialyse. 

4.  The  light  producing  granules  do  not  respond  to  electrical  stimu- 
lation but  the  colony  gives  light  with  galvanic  or  induced  currents. 

5.  With  galvanic  currents  a  flash  appears  on  the  make  and  a  series 
of  flashes  while  the  current  is  passing  which  cease  on  the  break. 

6.  Upon  stronger  stimulation  (with  induced  currents)  a  wave  of 
light  passes  over  the  colony  in  all  directions  from  the  point  stimulated. 
This  wave  will  pass  through  the  deeper  tissues  when  all  the  ectodermal 
tissues  are  cut. 

7.  A  considerable  amoimt  of  oxygen  is  used  up  in  light  production 
and  no  light  appears  in  its  absence. 

8.  CavemiUaria  juice  will  decolorize  (reduce)  methylene  blue  in 
absence  of  oxygen  and  it  also  contains  peroxidases  and  catalase. 

9.  The  light  is  still  bright  at  0*^C.  Fragments  of  Cavemularia  give 
off  light  spontaneously  at  40^  which  disappears  at  52^C.  and  does  not 
return  on  cooling. 

10.  The  photogenin-photophelein  reaction  is  not  given  by  Cavemu- 
laria, but  a  faint  light  can  be  obtained  with  a  non-luminous  Caver- 
nularia  juice  (photogenin)  and  Cypridina  or  fire-fly  photophelein. 

11.  The  production  of  light  by  the  granules  appears  similar  to  the 
cytolysis  of  cells  as  it  occurs  with  water  (but  not  isotonic  cane  sugar) 
and  certain  cytolytic  substances  (saponin,  chloroform,  benzol,  oleic 
acid). 

12.  The  light  producing  substances  are  salted  out  along  with  the 
proteins  but  are  not  stabile  enough  for  chemical  manipulation. 

13.  The  light  producing  granules  can  not  be  anesthetized. 

14.  Potassium  cyanide  has  no  effect  on  light  production. 
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I.    INTRODUCTION 

The  technical  difficulties  surrounding  the  obtaining  of  exact  and 
direct  measurements  of  small  amounts  of  heat  developed  in  large 
periods  of  time,  have  prevented  the  conclusion  of  the  chapter  of  phy- 
siology on  animal  heat  (which,  as  r^ards  the  animal  itself,  whole  and 
intact,  has  progressed  considerably  and  is  at  present  in  a  high  stage  of 
perfection),  as  such  a  conclusion  depends  on  the  analysis  of  each  organ, 
and  each  separate  tissue,  of  the  system  to  which  they  belong,  in  order 
to  determine,  once  for  all,  the  r61e  of  each  organ  or  tissue  in  the  total 
production  of  heat.  These  difficulties,  unsurmountable  until  quite 
recently,  on  the  one  hand,  and  the  importance  of  the  problem  on  the 
other,  induced  physiologists  to  attempt  measuring  the  heat  produced 
by  each  organ,  and,  in  many  instances,  they  were  content  with  just 
an  idea,  more  or  less  approximate,  of  this  production,  obtained  by 
indirect  and  extremely  defective  methods.  They  had  recourse,  in 
some  cases,  to  mere  thermometrical  readings;  and,  in  others,  to  the 
valuation  of  the  amount  of  heat  generated,  using  as  a  basis  the  amount 
of  Oj  absorbed  or  of  CO2  exhaled. 

The  first  method  may  lead  us  to  admit,  at  the  most,  that  an  organ 
which  becomes  much  heated  (as  a  muscle  in  operation),  or  the  tem- 
perature of  which  is  maintained  above  that  of  its  environment  (as 
happens  with  the  liver),  also  generates  much  heat;  such  a  method 
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however,  does  not  make  it  possible  to  determine  absolutely  the  amount 
of  heat  generated.  The  second  method  would  appear,  on  a  cursoiy 
analysis,  to  be  satisfactory.  It  comprises  a  double  oi>eration:  (1) 
the  determination  of  the  amoimt  of  respiratory  exchanges;  and  (2) 
the  indication  of  the  thermical  coefficients  of  COi  and  Oj,  by  which 
should  be  multiplied  the  figures  obtained  by  the  first  operation,  in 
order  to  ascertain  the  heat  generated. 

The  respiratory  exchanges  of  an  organ  left  "in  situ"  and  with  all 
its  relations  (nervous,  vascular  and  so  forth)  intact,  could  be  det^- 
mined  by  measuring  the  total  amoimt  of  gases  in  the  blood  before  and 
after  passing  through  such  organ;  in  view,  however,  of  the  imcertainty 
of  blood  irrigation,  which  constantly  varies,  and  the  equal  oscillation 
of  the  intensity  of  respiration  itself,  this  operation  would  require 
continuous,  or  almost  continuous,  sampling  of  arterial  and  venous  blood 
and,  furthermore,  the  exact  knowledge,  during  the  experiment,  of  the 
total  quantity  of  blood  which  passed  through  the  organ.  The  mere 
.statement  of  these  conditions  shows  us  the  difficulty — one  may  ahnost 
say  the  impossibility — of  obtaining  precise  results.  But,  even  ad- 
mitting that  it  were  possible  to  obtain  the  exact  amoimt  of  Ot  and  COi 
absorbed  by  the  organ  under  experiment,  the  fact  that  all  its  organic 
(nervous,  vascular,  etc.)  connections  were  intact,  might  occasion  a  mis- 
take in  the  valuation  of  the  heat  generated,  as  the  total  quantity  of 
chemical  energy  released  by  the  absorption  of  O2  may  not  be  trans- 
formed, directly  and  immediately,  into  heat  but  into  another  form  of 
intermediary  energy  which,  passing  on  to  another  organ,  woiJd  then 
be  turned  into  heat.  Let  us  suppose,  for  instance,  that  a  part  of  the 
chemical  energy  supplied  to  the  cerebrum  by  the  combustion  of  food, 
is  released  by  it  for  the  purpose  of  generating  impulses  which  are 
passed  on  to  the  muscles;  the  valuations  of  heat,  of  the  cerebrum  or  of 
the  muscles,  taking  as  a  basis  the  respiratory  exchanges,  would  bring 
us  to  figures  which  would  be  excessive  for  the  cerebrum  and  too  small 
altogether  for  the  muscles.  These  hjrpotheses  may  not  become  true, 
but  the  mere  possibility  of  their  occurring  is  sufficient  to  cause  mis- 
trust and  doubt  of  the  value  of  respiratory  calorimetry  under  such 
conditions,  and  makes  it  imperative  for  us,  in  order  to  simplify  the 
study  of  the  matter,  to  work  with  isolated  organs,  separated  from  all 
and  any  organic  connection. 

.  Once  the  value  of  respiratory  exchanges  is  known,  that  is  to  say, 
once  the  quantity  of  Oi  consumed,  and  of  COi  generated,  have  been 
ascertained,  it  is  necessary  to  multiply  one  of  these  numbers  (let  us 
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say  O2,  for  instance)  by  its  thermical  coeflBcient.*  But,  even  then, 
in  order  that  the  amount  of  heat  calculated  may  be  as  near  the  real 
figure  as  possible,  it  is  advisable  to  detennine  the  nature  of  the  ali- 
mentary substances  burned;  this  problem  is  solved  by  respiratory 
ealorimetry  applied  to  an  animal,  taking  into  accoimt,  during  the 
experiment,  its  condition  of  nourishment  or  fasting,  the  nature  of  the 
food  absorbed  (protein,  fats  or  carbohydrates),  the  respiratory  quotient 
of  Pfliiger.  When,  however,  one  is  dealing  with  isolated  tissues,  these 
indications  of  the  nature  of  the  food  potentials  burned  lose  their  signifi- 
cance and  all  that  remains  is  the  respiratory  quotient,  which,  by  itself, 
does  not  enable  one  to  determine  the  nature  of  the  food,  because  its 
present  value  may  be  the  result  of  the  simultaneous  combustion  of 
various  substances.  Then,  again,  one  knows  that  the  animal  receives 
food  always  in  the  same  initial  condition  (protein,  fats,  and  carbo- 
hydrates) and  abandons  them  in  the  same  condition — CO2,  H2O  and 
urea — or  bodies  very  much  the  same  from  a  thermo-chemical  point  of 
view;  the  amount  of  heat  generated  by  the  transformation  of  one 
molecule  of  each  of  these  substances  depends,  therefore,  on  its  initial 
as  well  as  on  its  final  condition,  and  the  respective  thermical  coeffi- 
cients of  O2  are  also  an  exclusive  function  of  the  said  initial  and  final 
conditions  besides  depending,  of  course,  on  the  very  nature  of  the 
substance  transformed.  Now,  between  the  initial  condition  and  the 
final  condition  of  one  of  these  foods,  many  intermediary  phases  occur, 
the  majority  of  which  are,  as  yet,  imknown.*  If,  therefore,  these  phases 
occur  in  different  organs,  it  follows  that  the  thermical  coefficients 
will  also  vary  from  organ  to  organ,  and  thus  the  respiratory  ealorimetry 
applied  to  isolated  parts  of  the  organism  would  induce  one  into  ever 
increasing  error.  For  instance:  If  the  total  transformation  of  fat  into 
COi  and  HjO  by  combustion,  takes  place,  as  is  most  likely,  in  two  phases : 
the  first  of  the  fat  into  glycose  in  the  liver  and  the  second,  from  glycose 
into  CO2  and  H2O  in  other  tissues,  as  for  instance,  in  the  muscles,  the 
amounts  of  heat  developed  by  each  of  these  phases  will  be  different 
from  each  other,  and  the  thermical  coefficient  to  be  used  in  each  case 
will  be  that  of  fat  for  the  entire  organism,  that  of  glycose  for  the  muscles, 
and  that  of  the  transformation  of  fat  into  glycose  for  the  liver,  on  the 
value  of  which  there  are  still  some  doubts. 


*  The  thermical  coefficients  of  Oi  instead  of  those  of  COj  are  recommended 
because  the  thermical  coefficients  of  Os  have  the  great  advantage  of  being  much 
less  variable  according  to  the  nature  of  the  food  burned. 
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In  the  above  example,  however,  we  have  taken  it  for  granted  that 
the  initial  and  the  final  conditions  of  the  transformation  in  each  organ 
are  already  known,  and,  of  course,  if  they  are  not  known,  the  uncertainty 
will  be  but  increased.  In  short,  one  may  say  that  just  because  respira- 
tory calorimetry  may  render  it  possible  to  calculate  the  amount  of 
heat  generated  by  an  animal,  it  does  not  follow  that  it  is  also  possible 
to  calculate  thereby  the  amount  of  heat  generated  by  each  organ  or 
each  tissue  of  the  said  animal;  the  problem,  in  the  latter  case,  is  indefi- 
nite, and  the  probabilities  of  error  in  these  indirect  respiratory  valu- 
ations are  so  many  that  more  direct  measures  are  indispensable. 

In  this  paper  we  purpose:  (1)  Measuring  the  amount  of  heat  de- 
veloped by  the  liver;  (2)  measuring  its  respiratory  exchanges;  (3) 
establishing  the  value  of  the  thermical  coeflBcients  of  Oi  and  COi 
for  the  liver. 

STUDIES   ON  THE   LIVER 

Wei  have  made  use  of  the  technique  studied  in  our  preceding  paper  (1). 
As  we  then  saw,  the  tissues  are  reduced  to  small  fragments,  so  as  to 
considerably  increase  their  surface  of  respiratory  exchange  with  their 
environment.  This  is  the  application  of  the  principle  used  by  Battelli 
and  Stern  in  their  experiments  on  the  respiration  of  tissues.  These 
authors  (2)  demonstrated  that,  even  after  total  destruction  of  the 
cellular  structure,  the  fragments  of  cells  and  the  liquids  from  same 
were  still  able  for  some  time  to  absorb  O2  and  eliminate  COi.  It  is 
easy  to  imderstand,  however,  under  conditions  so  entirely  abnormal, 
the  results  obtained  could  hardly  be  applied  to  the  case  of  normal 
organs;  it  was,  therefore,  necessary  for  us  to  make  sure  that  our  grind- 
ing apparatus  would  respect  the  integrity  of  the  great  majority  of  the 
cells,  acting  as  a  mere  mechanical  separator  of  the  organ;  to  make  sure 
of  this,  which  otherwise  might  eventually  prove  an  objection  to  the 
technique  adopted,  we  asked  Prof.  Raul  Leitfio  de  Cunha,  teacher  of 
anatomy  and  pathological  physiology  of  the  Rio  de  Janeiro  Academy 
of  Medicine,  to  make  a  microscopic  examination  of  the  liver  emulsions 
used  by  us. 

The  following  is  the  report  of  the  Professor,  to  whom  we  are  exceed- 
ingly, grateful: 

The  histological  analysis  of  the  matter  submitted  resulted  in  the  identifi- 
cation or  tracing  of  the  following  elements: 

(1)  A  large  number  of  deformed  blood  corpuscles  (hematias)  which,  in  view  of 
their  number,  constituted  the  predominant  element. 
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(2)  Hepatic  cells  distributed  according  to  the  following  types: 

(a)  Detached  and  well  shaped,  as  regards  nucleus  and  protoplasm. 

(b)  Together  in  pairs,  and  in  the  same  morphic  conditions  as  above. 

(c)  In  single  file,  well  shaped,  with  up  to  six  cells  per  string. 

(d)  Grouped  in  cords  of  two  or  three  strings  (as  described  in  letter 

c)  joined  together. 

(e)  Forming  large  spots  or  plates,  but  one  layer  deep  thus   allowing 

the  verification  of  their  anatomic  integrity. 

(f)  In  more   or  less  v<riuminous  masses,  in  which   their    connections 

with  each  other  are  maintained  intact. 

(g)  Detached  or  agglomerated,  but  broken  up  into  fragments  more  or 

less  difficult  to  identify. 

(3)  Groupings  of  leucocytes,  miinly  polymorphous-nucleated. 

(4)  Remainders  of  the  Glisson  capsule,  joined  in  masses  of  various  sizes. 

(5)  Vascular  d6bris  and  others,  forming  amorphous  agglomerates,  difficult 
to  penetrate  with  the  light  of  the  microscope. 

It  is  evident  from  the  above  that  the  liver  emulsion  used  in  the 
experiments  which  we  shall  proceed  to  describe  contains,  as  a  rule, 
cells  either  completely  detached  or  in  groups  small  enough  to  prevent 
asph3rxiation  and  to  allow  their  easy  respiration. 

The  following  table  condenses  the  result  of  the  experiments  made 
on  the  liver  in  pursuance  of  the  technique  mentioned  before. 

Table  showing  the  result  of  experiments  made  on  liver  emulsion 


OBDXR  NO. 

COt 

Os 

CO« 
Ot 

HEAT 
OBNEBATBD 

(Q) 

THBRUICAL 
COBPFI- 
CIBNT 

orO»- 
Q 

o; 

THERMIC  AL 

COEFPI- 

CIBNT 

OF  COl— 

Q 

COf 

Experiment      I 

347.4 

330.0 

1.05 

2639.2 

7.99 

7.59 

Experiment    II 

468.2 

418.0 

1.12 

2633.2 

6.29 

5.62 

Experiment  III 

529.6 

436.0 

1.21 

3370.6 

7.72 

6.36 

Experiment  IV 

353.6 

303.4 

1.16 

2306.0 

7.60 

6.52 

Experiment     V 

506.1 

390.0 

1.29 

2253.0 

5.77 

4.45 

Experiment  VI 

355.8 

324.9 

1.09 

2099.0 

6.46 

5.89 

Average 

426.7 

367.0 

1.15 

2550.1 

6.97 

6.07 

Note.  COj  and  O2  are  reduced  when  dry  and  at  a  pressure  of  760  and  0**; 
the  figures  shown  in  the  above  table  represent  cubic  centimeters  and  refer  to  the 
respiratory  exchanges  of  1  kilo  of  liver  during  one  hour. 

The  heat  is  represented  in  gram-calories  per  kilo-hour. 

The  results  obtained  are  quite  different  from  what  might  be  expected. 
The  thermical  coefficients  of  O2  and  CO2  can  not  be  connected  with 
any  of  the  coefficients  relative  to  the  common  alimentary  substances — 
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protein,  fats  or  carbohydrates,  and  even  less  to  the  thermical  coeffi- 
cients of  transformation  of  the  nutritive  reserves,  which  develop  a 
lesser  amount  of  heat.  Furthermore,  if  the  average  of  the  coeflicients 
of  O2  (6.97)  is  greater  than  the  thermical  coeflBcient  of  all  the  trans- 
formations known  to  take  place  in  the  organism,  it  is  also  too  great 
for  any  of  the  intermediary  phases.  We  are,  therefore,  led  to  admit 
either  that  the  amount  of  heat  determined  by  us  is  excessive  and 
wrong,  or  else  that  the  measurement  of  \he  gases  resulted  in  figures 
altogether  too  small  for  O2.  We  are  positive  that  the' measurements 
of  heat  are  rigidly  conducted  and  that  the  results  really  represent  the 
actual  facts,  as  may  be  verified  by  our  first  paper,  and  by  a  thorough 
discussion  of  the  method  employed.  As  to  the  measurement  of  the 
gases,  howaver,  we  must  confess  to  great  doubt  as  to  their  accuracy. 
Compared  with  the  figures  of  BattelU  and  Stern  (3),  the  absolute  val- 
ues of  our  readings  are  lower,  but  this  is  probably  due  to  the  fact 
that,  in  their  experiments,  these  authors  submitted  the  tissues  to  a 
much  more  energetic  agitation  than  we  did,  and  also  to  the  fact  that 
the  tissues  breathe  in  an  atmosphere  of  pure  oxygen,  and  not  in  the 
conunon  atmospheric  air.  We  have,  indeed,  remarked  that,  towards 
the  end  of  each  experiment,  the  emulsion  of  tissues  in  defibrinated 
blood  presents  a  more  or  less  dark  or  venous  color,  although  there  are 
still  notable  quantities  of  O2  in  the  atmosphere  of  the  bottle,  which 
would  indicate  slowness  in  the  diflSusion  of  O2  and  of  its  absorption 
by  the  tissues.    On  the  other  hand,  however,  the  value  of  the  respira- 

CO 
toiy  quotient  -pr-^  is  similar  to  that  obtained  by  Battelli  and  Stem. 

for  the  liver. 

In  our  experiments,  as  in  the  majority  of  the  experiments  of  these 

CO 
authors,  the  relation  -j^  has  very  high  values,  exceeding  unity.    Now, 
Oj 

were  this  true  it  would  mean,  most  assuredly,  a  transformation  of 
carbohydrates  into  fats,  in  the  liver,  detached  or  isolated,  an  extremely 
interesting  thing,  but  one  which  is  neither  plausible  nor  true,  as  we 
shall  later  demonstrate.  Comparing  this  with  the  exclusive  value  of 
the  thermical  coefficient  of  O2,  we  are  led  to  admit  that  our  measure- 
ments of  the  gases,  taken  as  they  were,  notwithstanding,  with  con- 
siderably more  care  and  rigidness  than  by  the  gross  and  inexact  methods 
of  Battelli  and  Stem,  yet  contain  causes  of  error  which  it  would  be 
advisable  to  obviate.  With  this  in  view,  we  have  originated  the 
following  technique  for  the  measuring  of  gases. 
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PROCEDURE    FOR  MEASURING   RESPIRATORY   EXCHANGE    OF   TISSUES 

Up  to  now,  in  endeavoring  to  determine  the  proportion  of  the  respira- 
tory exchanges  of  tissues,  we  used  the  following  procedure:  A  sample 
was  taken  of  the  air  in  the  calorimeter  and  submitted  to  eudiometric 
analysis,  the  carbonic  gas  then  foimd,  or  the  deficit  of  O2  registered^ 
being  considered  by  us  as  representing  faithfully  the  respiratory  ex- 
changes of  the  tissues,  just  as  if  they  had  breathed  directly  in  the  air. 
This  is  the  method  followed  by  Battelli  and  Stem  in  many  of  their 
experiments;  in  others,  however,  where  the  tissues  breathed  in  an 
atmosphere  of  O2,  a  simple  manometric  measurement  showed  the 
decrease  in  the  volume  of  O2  in  the  breathing  chamber  and,  consequently, 
the  amount  of  O2  absorbed. 

We  shall  now  consider  the  tissue  breathing  in  defibrinated  bloody 
or  even  in  the  suspension  of  red  globules  in  Locke's  fluid,  which  we 
have  designated  as  "artificial  blood."  The  oxygen  consumed  by  the 
tissues  is  absorbed  from  the  O2  contained  in  the  artificial  blood,  in 
dissolution  or  combined  with  the  hemoglobin  of  the  red  globules;  as 
the  O2  in  the  artificial  blood  diminishes  in  consequence  of  this  operation, 
a  new  quantity  of  O2,  drawn  from  the  gaseous  atmosphere  of  the 
calorimeter,  is  then  absorbed.  There  is,  however,  as  is  well  known, 
no  simple  relation  of  equality  between  the  amoimt  of  O2  consumed  by 
the  tissues  and  the  amount  of  O2  drawn  from  the  atmosphere  of  the 
calorimeter,  no  matter  how  intensely  the  tissues  are  agitated.  On 
the  other  hand,  the  CO2  in  the  air  of  the  breathing  chamber  represents 
the  addition  of  two  parts:  one  produced  by  the  tissues  during  the 
experiment,  and  the  other  (which  is  most  variable  in  volume)  already 
existing  in  the  tissues  and  in  the  defibrinated  blood  when  placed  in 
the  calorimeter.  One  may,  therefore,  state  that  the  variation  in  the 
composition  of  the  atmosphere  of  the  calorimeter  does  not  determine 
the  amount  of  respiratory  exchanges  during  the  experiments. 

To  attain  this  end,  it  is  necessary  to  proceed,  in  each  case,  to  two 
measurements  of  the  gases,  one  at  the  beginning,  and  one  at  the  end 
of  the  experiment,  so  as  to  obtain,  by  difference,  the  real  value  of  the 
respiratory  exchanges;  furthermore,  each  operation  should  be  so  made 
as  to  determine  simultaneously  the  amount  of  the  gases  in  the  atmos- 
phere of  the  calorimeter  and  that  of  the  gases  combined  or  dissolved  in 
the  emulsion  of  tissues.  The  problem  is,  therefore,  rather  a  complex 
one  and,  to  simplify  it,  we  release  the  gases  of  the  emulsion,  add  them 
to  the  gases  which  form  the  atmosphere  of  the  calorimeter,  and  pro- 
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ceed  with  the  operation  for  determining  the  totality  of  gases  of  this 
mixture,  which  represents  the  entire  quantity  in  experiment.  To 
obtain  the  gases  in  the  blood  and  in  the  tissues,  the  emulsion  is  sub- 
mitted to  treatment  by  a  20  per  cent  solution  of  phosphoric  acid,  to 
free  the  CO2  and  by  a  solution  of  ferri-cyanid  of  potassium,  less  than 
two  months  old,  to  free  the  O2  by  transformation  of  hemoglobin  into 
methemoglobin.  In  other  words,  we  use  Haldane's  method  of  chemi- 
cal analysis  of  gases  of  the  blood  (4).  Our  experiment  made  it  clear 
that  these  two  solutions  could  be  mixed  and  used  simultaneously ;  the 
transformation  of  hemoglobin  into  methemoglobin  by  the  ferr  -cyanid 
solution  takes  place  even  more  rapidly  w  th  the  addition  of  phosphoric 
acid,  than  without  it,  and,  on  the  other  hand,  this  chemical  substance 
absolutely  does  not  prevent  the  release  of  the  CO2  in  the  blood  by  tlio 


Fig.  1 

phosphoric  acid.  This  above  method  dOes  not  give  absolute  value  of 
the  quantities  of  gas;  but,  in  a  comparative  analysis,  the  results  ob- 
tained by  difference  are  extremely  precise. 

To  apply  to  our  case  the  general  principles  of  chemical  analysis  of  the 
blood  gases,  we  originated  the  technique  which  we  shall  proceed  to 
describe.  The  emulsion  of  tissues  is  prepared  in  double  the  quantity 
required  for  the  calorimetric  experiment;  it  is  then  divided  into  two 
equal  parts,  brought  to  the  same  temperature  (see  memo.)  and,  at 
the  right  moment,  a  part  is  poured  into  the  calorimeter  for  the  experi- 
ment, and  the  other  is  placed  in  an  Erlenmeyer  bottle,  of  the  same 
capacity  as  that  of  the  calorimetric  receptacle.  This  bottle  has  a 
stopper,  (a)  through  which  pass  tube  (/)  connected  with  funnel, 
(^),  and  tube  (5),  connected  by  a  rubber  tube,  (^),  to  receptacle,  U), 
which,  in  turn,  is  connected  by  a  rubber  tube,  (J),  to  receptacle  (6). 
Receptacles  (4)  and  (6)  form,  therefore,  a  system  of  intercommuni- 
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eating  vessels,  in  which  is  placed  mineral  oil  (which  will  not  absorb 
the  gases)  in  such  quantity  that,  when  receptacle  (6)  is  raised  conven- 
iently, the  oil  will  completely  fill  receptacle  (4),  this  being  their  initial 
posit  on,  and  so  that,  when  both  receptacles  are  placed  on  the  same 
horizontal  plane  (in  such  a  way  that  the  level  of  the  liquid  in  each  bottle 
will  be  equal)  the  volume  of  the  gases  in  receptacle  U)  will  be  known 
and  constant,  equal,  for  instance,  to  1000  cc*  The  emulsion  of  tis- 
sues having  been  placed  in  the  Erlenmeyer  bottle,  this  is  closed  with 
stopper  (a),  the  pressure  cock  (7)  is  opened  and  the  mixture  of  ferri- 
cyanid  and  phosphoric  acid  contained  in  funnel  (2)  is  allowed  to  flow 
down.  During  all  this  time,  the  bottle  should  be  constantly  agitated. 
These  Uquids,  besides  releasing  the  gases  of  the  emulsion,  will  immedi- 
ately cause  its  respiration  to  cease,  not  only  on  account  of  the  power- 
ful acidity  they  will  originate,  but  also  in  view  of  the  t6xic  action  of  the 
ferri-cyanid  of  potassium. 

The  excess  of  gases  will  then  begin  to  pass  into  receptacle  (4),  reduc- 
ing the  level  of  the  oil  contained  therein.  When  all  the  gases  of  the 
emulsion  are  released  (say  in  ten  minutes),'  the  remaining  gases,  con- 
tained in  the  Erlenmeyer  bottle,  are  forced  out  by  merely  filling  the 
lx)ttle  completely  with  mineral  oil  through  funnel  (^).  Then,  with 
receptacles  (4)  and  (6)  on  the  same  horizontal  plane,  rubber  tube  (8) 
is  withdrawn  from  glass  tube  (5),  and  the  latter  is  allowed  to  com- 
municate with  the  atmosphere.*  When  this  is  done,  the  oil  in  recep- 
tacle (4)  will  fall  until  it  is  on  the  same  level  with  the  liquid  contained 
in  receptacle  (^),  whilst,  at  the  same  time,  it  will  draw  in  a  certain 
amount  of  air  from  outside. 

We  shall  then  have  in  receptacle  (4)  a  known  volume  of  air,  equal, 
for  instance,  to  1000  cc.  at  atmospheric  pressure  and  at  the  temperature 
registered  by  the  thermometer  (9).  This  volume  of  air  will  contain 
all  the  gases  of  the  emulsion  of  tissues,  plus  an  unknown  quantity  of 
atmospheric  air,  (part,  air  already  contained  in  the  Erlenmeyer  bottle, 
and,  part,  air  drawn  in  from  the  atmosphere).  When  the  calorimetric 
experiment  is  finished,  the  same  operation  is  repeated  for  the  sus- 
pension of  tissues,  substituting  the  Erlenmeyer  bottle  by  the  calori- 

'  This  volume  should  considerably  exceed  that  of  the  calorimetric  receptacle, 
or  that  of  the  Erlemneyer  bottle. 

»  We  always  allow  the  same  length  of  time  for  the  release  of  the  gases  from  the 
emulsion — ten  minutes,  during  which  time  the  bottle  is  strongly  agitated. 

*  As  tube  (8)  is  a  long  thin  tube,  and  during  this  phase  of  the  experiment  the 
pressure  in  receptacle  (4)  is  less  than  the  atmospheric  pressure,  there  is  no  fear 
of  losing  the  gases  contained  in  receptacle  (4). 
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metric  receptacle,  the  stopper  of  which,  as  we  have  ah-eady  seen,  is 
also  crossed  by  two  glass  tubes.  Thus  we  have  a  second  gaseous  mass, 
modified  in  its  composition  by  the  respiration  of  the  tissues,  during  the 
calorimetric  experiment.  We  then  make  an  eudiometric  analysis  of 
these  two  gaseous  volimies,  which  we  may  call: 

(A)  The  first,  or  the  one  indicating  the  amount  of  gases  in  the  tissues, 
when  they  were  placed  in  the  calorimeter;  and 

(B)  The  second,  showing  those  found  at  the  conclusion  of  the 
calorimetric  experiment. 

The  results,  when  dry,  are  reduced,  at  a  pressure  of  0**,  760  mm.  and 
with  these  data  we  are  able  to  determine  the  quantities  of  O2  and  Cd 
breathed  during  the  calorimetric  experiment,  as  we  shall  proceed  to 
demonstrate. 

By  the  first  analysis  (A),  we  obtain  the  total  quantity  (Q)  of  Qi 
existing  in  the  said  volume;  (Q)  being  equal  to  the  sum  of  two  items, 
namely,  the  first  (Yi)  representing  the  volxmae  of  O2  originally  existing 
in  the  Erlenmeyer  bottle,  and  in  the  air  drawn  in  from  the  atmosphere 
by  receptacle  (4),  to  complete  the  final  volume  of  (A),  as  stated  above; 
the  second  (Yj),  representing  the  volume  of  O2  existing  in  the  emulsion 
of  tissues,  either  in  dissolution,  or  combined  with  the  hemoglobin  of  the 
blood. 

We  have,  therefore: 

Q=Yi+Y2  (A) 

As  (Q)  is  known,  from  the  eudiometric  analysis,  if  we  also  knew  (Yi) 
we  would  establish,  by  difference,  the  quantity  which  we  are  endeavor- 
ing to  ascertain  (Ya). 

By  the  second  analysis  (B),  we  find  that  the  quantity  (QO  of  Oj 
measured,  is  equal  to  the  quantity  (Xi)  of  atmospheric  Oa  which 
existed  in  the  calorimeter  at  the  beginning  of  the  experiment,  or  which 
was  drawn  in  by  receptacle  (4),  plus  the  quantity  originally  existing 
in  the  emulsion  of  tissues,  deducting  from  the  total  of  this  addition 
the  amount  of  O2  breathed  by  the  tissues  (X2)  diu*ing  the  experiment. 
We  have,  therefore: 

Q'  =  Xi+Y2-X2  (B) 

By  this  system  of  equations,  (Q)  and  (QO  are  obtained  by  the  experi- 
ment, and  (Yi)  and  (Xi)  may  be  calculated  if  we  take  as  a  basis  the  fol- 
lowing observations: 

In  the  first  place :  Yi  and  Xi  (the  O2  being  drawn  in  from  the  surround- 
ing atmosphere,  or  having  entered,  from  the  atmosphere,  into  the  calo- 
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rimeter  or  into  the  Erlenmeyer  bottle)  are  accompanied  by  such  a 

quantity  of  nitrogen  that  the  relation  =^  is  constant;  thus,  in  the  open 

air,  this  relation  is  equal  to  0.264  and  holds  true  with  remarkable 
stability  even  in  the  most  variable  climates;  in  our  laboratory,  where 
the  windows  are  always  open  into  a  garden,  this  relation  is  constant; 
however,  if  the  operations  are  conducted  in  a  confined  atmosphere, 
there  is  no  reason  why  the  necessary  steps  should  not  be  taken  to 

determine  the  value  of  =^  in  the  atmosphere  where  the  experiment  is 

made. 

In  the  second  place:  nitrogen  is  chemically  indiflferent  to  reactions 
which  take  place  in  the  tissues,  and  its  quantity  remains  unchanged. 
Now,  analyses  (A)  and  (B)  indicate  the  quantities  (N)  and  (N')  of 
nitrogen  contained  therein,  and  the  quantities  (Yi)  and  (Xi)  of  O2  are, 
therefore,  given  by  the  following  expressions: 

Yi  =  0.264N 
Xx  =  0.264N' 

Substituting  these  values  in  the  equations  (A)  and  (B),  we  obtain  the 
following  system  of  two  equations  with  two  incognitas: 

Q  =  0.264N  +  Y2  (A) 

Q'  =  0.264N'  +  Y2  -  X2  (B) 

taking  the  value  of  Y  from  (A)  and  substituting  in  (B),  we  have: 

Q'  =  0.264N'  +  Q  -  0.264N  -  X2 
therefore:  X,  =  0.264(N'  -  N)  +  (Q  -  QO 

N  and  N'  are  the  volumes  of  nitrogen,  and  Q  and  Q'  are  the  volumes 
of  Oi  determined  in  (A)  and  (B). 

Therefore,  the. quantity  of  O2  breathed  by  the  emulsion  of  tissues 
is  equal  to  the  product  of  the  relation  between  the  O2  and  the  nitrogen 
in  the  air  of  the  laboratory,  (as  a  rule  0.264)  by  the  difference  between 
the  volumes  of  N  determined  in  (B)  and  (A),  plus  the  difference  be- 
tween the  volume  of  O2  determined  in  (A)  and  (B). 

The  nitrogen  originally  existing  in  the  emulsion  of  tissues  does  not 
affect  the  results  obta'ned,  because,  its  quantity,  which  depends  exclu- 
sively on  the  temperature  of  the  emulsion  and  on  the  pressure  of  the 
nitrogen  in  the  outside  air,  varies  but  Uttle,  and  is  constant  in  the  experi- 
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ments  (A)  and  (B) ;  therefore,  these  quantities  are  added  to  both  terms 
of  the  difference  (N'  —  N)  without  altering  their  values.  The  volume 
of  CO2,  ascertained  during  the  calorimetric  test,  is  obtained  by  the 
difference  between  the  quantity  of  COt  in  (B)  and  the  quantity  of  COt 
determined  in  (A). 

This  is  the  technique  which  we  are  adopting  in  our  experiments 
and,  hereafter,  unless  advised  to  the  contrary,  such  results  as  we  may 
submit  will  be  obtained  by  same. 

As  will  be  seen  in  this  paper,  the  problem  solved  consisted  in  originat- 
ing a  technique  for  determining  the  amoimt  of  gases  of  the  blood,  and 
with  this  we  obtained  the  results  shown  in  the  following  table. 

Table  showing  the  result  of  experiments  made  on  liver  emulsion  by  following  the  new 

technique 


ORDSR  NO. 

COt 

Of 

COt 
■oT 

HEAT 

OBNBRATBD 

(Q) 

THBRUICAL 
COBFTI- 
CIBNT 

ofOi— 

Q 
0; 

THBRMICAL 
OOBm- 

CTBNT 

orCOt- 

Q 

COt 

Experiment      I 

Experiment    II 

Experiment  III 

Experiment  IV 

382.5 
408.0 
380.7 
318.0 

862.5 
899.6 
688.5 
756.2 

0.44 
0.45 
0.55 
0.42 

2473.0 
3520.0 
2686.7 
2534.7 

2.86 
3.91 
3.90 
3.35 

6.46 
8.62 
7.05 
7.97 

Average 

372  3 

801.7 

0.46 

2803.6 

3.50 

7.52 

Comparing  this  table  with  the  previous  one,  it  will  be  obsarved  that 
the  amounts  of  CO2  obtained  by  the  method  derived  from  that  of  Batelli 
and  Stern^  are  somewhat  higher  than  they  should  really  be.  Where, 
however,  a  truly  great  difference  may  be  observed — so  great,  indeed, 
that,  in  our  opinion,  it  annuls  the  value  of  those  experiments — is  in  the 
amounts  of  O2  shown.  As  a  consequence  of  this,  the  value  of  the 
respiratory  quotient,  which  is  very  low  and  constant  in  signification 
in  our  last  table,  is,  on  the  contrary,  very  high  and  of  entirely  different 
(and,  one  may  say,  opposite)  signification  in  the  preceding  table. 

These  differences  in  the  value  of  the  gases  measured  naturally  cause 
considerable  variation  in  the  thermical  coeflScients  of  CO2  and  ()i. 
It  should  be  noted,  however,  that  the  calorimetric  measurements,  in 
any  of  this  series  of  experiments,  are  valid  and  independent  of  the 

'  Only  in  regard  to  the  manner  of  treating  the  tissues,  as  we  measured  the 
gases  by  means  of  an  eudiometric  glass,  and  not,  as  did  those  authors,  by  processes 
which  are  not  reliable. 
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amounts  of  respiratory  exchanges;  if,  in  the  first  table,  they  are  some- 
what smaller  this  should  be  attributed  exclusively  to  the  influence  of 
the  environment  in  which  the  tissues  breathe  (namely,  the  suspension 
of  red  globules  in  Locke's  fluid),  as  we  have  also  remarked  that  the 
exchanges  of  gas  are  more  active  in  defibrinated  blood  than  in  that 
environment.  If  we  examine  only  the  last  table,  the  figures  whereof 
are  reliable,  a  few  interesting  facts  will  be  observed:  In  the  first  place, 
the  value  of  the  thermical  coeflBcients  of  O2  or  of  CO2,  or  the  average 
of  the  values  thereof,  differ  considerably  from  those  that  are  used  in 
the  respiratory  calorimetry;  therefore,  had  we  calculated  the  heat 
produced  by  the  liver,  multiplying  by  such  values  the  O2  consumed, 
the  result  obtained  would  have  been  widely  different  from  the  real 
figures.  Then,  the  thermical  coefficients  obtained  for  Oi  are  always 
very  much  lower,  whether  we  consider  each  by  itself,  or  take  the  aver- 
age of  the  thermical  coefficients  of  the  alimentary  substances  (protein, 
fat  or  glycose).  The  thermical  coefficients  of  CO2  are,  on  the  contrary, 
excessively  high  for  these  same  alimentary  substances.  This  coin- 
cides with  (and  is,  in  part,  explained  by)  the  extremely  low  value  of  the 
respiratory  quotients,  the  average  of  which  is  but  0.46. 

Comparing  these  different  values  of  the  respiratory  quotients  and 
those  of  the  thermical  coefficients  of  O2  and  of  CO2,  we  may,  by  a  per- 
fectly legitimate  induction,  infer,  to  a  certain  extent,  the  nature  of  given 
chemical  reactions  which  are  taking  place  in  the  liver.  Thus  we  can 
state  that  in  all  our  experiments,  as  shown  in  the  aforesaid  table,  a 
pronounced  transformation  of  fat  into  glycose  or  glycogen  occurred  in 
the  liver.  It  is  this  transformation  which  explains,  to  a  certain  extent, 
the  figures  obtained.  The  Uver  works**  in  vitro,"  separated  from  the 
organism,  and,  therefore,  from  the  pancreas,  like  a  diabetic  liver.  The 
determination  of  the  heat  by  the  different  organs  "in  vitro,"  and  the 
measurement  of  the  amounts  of  respiratory  exchanges,  by  the  afore- 
said process,  can  therefore  serve  (and  should  serve)  as  a  good  method 
for  the  study  of  the  nature  of  the  metabolism  of  each  organ,  in  its 
intensity  and  quality,  and,  consequently,  should  also  serve  for  the  study 
of  the  reciprocal  action  of  the  organs  on  each  other. 

In  our  next  paper  we  shall  go  into  the  conditions  which  are  necessary, 
in  order  to  determine  the  nature  of  the  combustions  which  occur  in 
an  organ,  taking  as  a  starting  point  the  heat  and  the  CO2  and  O2  respec- 
tively produced  and  absorbed  by  it.  At  the  same  time  we  shall  apply 
these  principles  to  the  study  of  the  action  of  the  pancreas  on  the  liver. 
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CONCLUSrON 


1*  The  method  employed  by  Battelli  and  Stem  for  determmmg  the 
amoimt  of  respiratory^  exehangee  of  the  emulsion  of  tissues,  is  fallacious, 
as  the  results  obtained  are  erroneous. 

2.  A  new  technique  is  originated  for  the  rigid  measurement  of  respim- 
tor>"  exchanges  of  tissues  suspended  in  defibrinated  blood,  which  pro- 
cedure is  also  applicable  to  the  more  simple  process  of  determining  the 
amount  of  gases  in  the  blood, 

3.  We  have  determined  the  amount  of  heat,  and  the  value  of  the 
respiratory  exchanges  of  the  hver  separated  from  the  organism. 

4.  We  have  demonstrated  experimentally  that  with  the  data  at  present 
accepted  in  physiology,  it  is  not  possible  to  determine  the  amount  of 
heat  produced  by  the  liver,  by  means  of  re^spiratory  calorimetry* 
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The  surfaces  of  two  spherical  bodies  are  to  each  other  as  the  two- 
thirds  power  of  their  masses,  hence  the  amount  of  surface  per  unit 
mass  of  the  small  body  is  greater  than  that  of  the  large  one.  On 
account  of  this  greater  exposed  surface  the  small  body  loses  heat 
more  rapidly  than  the  large  one.  Similarly  a  small  animal  loses  heat 
more  rapidly  than  a  large  one,  this  greater  loss  of  heat  being  made 
good  by  a  greater  production.  Bergmann  (1)  was  among  the  first 
to  show  that  small  animals  require  relatively  more  food  and  produce 
relatively  more  heat  than  lai^  animals  of  the  same  species,  that  is  the 
oxidative  processes  in  small  animals  are  more  intense  than  in  large 
animals.  These  facts  have  been  expressed  by  Rubner  (2)  in  the  so- 
called  Surface  Area  Law,  according  to  which  metabolism  is  proportional 
to  the  surface  area  or  for  the  same  amoimt  of  surface  area  there  will 
be  the  same  production  of  heat.  Biu*ge  (3)  showed  that  when  oxidation 
is  increased  in  an  animal  by  increasing  the  amoimt  of  exercise,  or 
decreased  by  decreasing  the  amoimt  of  exercise,  the  catalase  content 
of  the  muscles  of  the  animal  is  correspondingly  increased  or  decreased. 
Hence,  the  conclusion  was  drawn  that  there  is  a  close  relationship 
between  the  amount  of  catalase  in  a  muscle  and  the  intensity  of  the 
intra-muscular  oxidative  processes.  If  such  a  relationship  exists 
there  should  be  more  catalfse  in  the  muscles  of  small  animals  tl^an  in 
the  corresponding  muscles  of  large  animals.  The  following  experi- 
ments were  carried  out  to  determine  if  there  is  more  catalase  in  the 
heart  muscle  of  small  animals  than  in  the  heart  muscle  of  large  animals. 
The  heart  was  chosen  because  it  was  thought  that  the  catalase  content 
of  this  muscle  would  be  less  aflfected  by  the  mode  of  life  of  the  animal 
than  any  of  the  other  muscles.  The  animals  used  in  one  series  were 
the  goose,  pigeon  and  English  sparrow;  those  in  another,  the  dog,  rab- 
bit and  rat.    The  geese  were  raised  by  a  local  farmer,  the  pigeons 
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and  l^^nglish  sparrows  were  hirde  accustomed  to  the  range  of  the  to^Ti, 
the  dogs  were  tramp  dogs,  the  rabbits  were  raifed  in  captivity,  and  the 
rats  were  wild  field  ratss.  The  catalase  content  of  the  heart*;  of  thv^ 
animals  was  determined  according  to  the  following  method.  The 
hearts  were  removed  from  the  etherized  animals^  and  a  cannula  tied 
into  the  aorta  with  it-s  point  toward  tlie  heart-  The  cannula  wa^i  then 
attached  to  a  pressure  bottle  containing  0.9  per  cent  sodium  chloride 
at  38**C,  Thus  the  liquid  was  passed  through  the  coronar>-  vessels 
while  the  heart  wa^s  still  beating  until  the  heurt  was  wf^hed  free  of 
blood.  Each  bloodless  heart  was  ground  up  separately  in  a  hasliing 
machine  and  1  gram  of  the  material  was  introduced  into  a  bottle 

TABLE  I 

After  hear  I,  under  goo^t,  pigeon  and  Enfilish^sjtarrow,  arc  given  the  futmbcr  oj 
citbic  centimeters  of  oxygen  tiberated  in  ten  minutes  from  4^  cc.  of  hydrogen  pet' 
oxide  by  the  eatalase  in  1  gram  of  the  heart  of  the  respective  animal 


Goose 

Heart 

Weight    of    goose    in 

grams. 

Pigeon 

Heart..... , 

^Veight    of    pigeon    in 

graiDB. ............... 

English  Sparrow 

Heart , 

Weight  of  sparrow   in 

grama , . , 


1 

3 

3 

4 

5 

44 

42 

50 

44 

52 

6000 

6500 

6700 

7000 

6120 

no 

100 

98 

105 

109 

^4 

315 

330 

340 

32S 

133 

HI 

r>2 

129 

113 

2G 

30 

•24 

32 

2H 

46 
6464 

104 
327 
121 

28 


containing  45  ce,  of  hyclrogen  peroxide  and  as  the  ox>'gen  pa.^  waa 
liberated  it  was  conducted  to  a  burette  previously  filled  with  water, 
A  full  description  of  the  method  is  given  in  a  previous  pubHcation  (3), 
Aftei^the  oxv^gen  gas,  collected  tm  describee^  had  been  reduced  to  stand- 
ard atmospheric  pressure  the  refiulting  volume  was  taken  as  a  mea^ture 
of  the  atnount  of  catalase  in  one  gram  of  the  hashed  heart.  The 
results  of  the  detemiinationn  are  given  in  tables  1  and  2. 

It  may  be  seen  in  table  1  that  the  average  amount  of  oxygen  liberated 
by  one  gram  of  the  goo&e  heart  was  46  ce. ;  by  1  gram  of  the  pigeon 
heart  104  ce,;  and  by  1  gram  of  the  English  sparrow  heart  121  ec.  The 
average  weight  of  the  geese  was  6464  grams;  that  of  the  pigeons^  327 
grams;  and  that  of  the  English  sparrows,  28  grams;  hence  the  amount  of 
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catalase  is  greatest  per  gram  of  heart  in  the  smallest  birds,  less  in 
amount  in  birds  of  larger  size  and  least  in  the  largest  birds. 

It  may  be  seen  in  table  2  that  the  average  amount  of  oxygen  liberated 
from  hydrogen  peroxide  by  1  gram  of  the  dog  heart  was  63  cc;  by  the 
rabbit  heart,  107  ce.  and  by  the  rat  heart,  137  cc.  The  average  weight 
of  the  dogs  was  19,300  grams;  that  of  the  rabbits,  2540  grams;  and  that 
of  the  rats,  182  grams;  hence  the  amount  of  catalase  is  greatest  per 
gram  of  heart  in  the  smallest  mammal,  less  in  amount  in  the  larger 
mammal  and  least  in  the  largest  mammal. 

Determinations  (4)  have  been  made  of  the  catalase  content  of  a 
great  many  different  kinds  of  insects.  It  was  found  that  a  single 
firefly,  weight  11  mgm.  ground  up  in  sand  liberated  about  50  cc.  of 

TABLE  2 

After  heart f  under  dog,  rabbit  and  rat,  are  given  the  number  of  cubic  centimeters  of 
oxygen  liberated  in  ten  minutes  from  45  cc.  of  hydrogen  peroxide  by  the  catalase 
in  1  gram  of  the  heart  of  the  respective  animals 


Dog 

Heart 

Weight  of  dog  in  grams.. 
Rabbit 

Heart 

Weight    of    rabbit    in 

grams 

Rat 

Heart 

Weight  of  rat  in  grams  . 


1 

2 

3 

4 

5 

50 

75 

73 

53 

68 

25,000 

12,000 

16,000 

27,600 

16.000 

76 

74 

82 

91 

70 

2,300 

2,600 

2,000 

2,272 

2,640 

133 

145 

140 

115 

150 

200 

210 

250 

150 

100 

63 
19,300 

79 

2,332 

137 
182 


oxygen  from  45  cc.  of  hydrogen  peroxide  in  ten  minutes;  that  is,  1 
gram  of  firefly  would  liberate  about  5000  cc.  of  oxygen  in  ten  minutes* 
Other  insects  such  as  the  honey-bee,  bumble-bee,  moth,  etc.,  were  found 
to  be  very  rich  in  catalase,  but  not  so  much  so  as  the  firefly.  It  will 
be  noted  that  1  gram  of  firefly  cpntains  about  one  hundred  times  aa 
much  catalase  as  1  gram  of  dog  heart. 

Several  observers  (5)  have  pointed  out  instances  in  which  the  Sur- 
face Area  Law  does  not  hold.  Lusk  (6)  showed  that  the  metabolism 
of  a  dog  kept  in  the  laboratory  decreased  very  considerably  (19  per 
cent)  from  what  it  was  when  the  dog  was  kept  in  the  country,  although 
the  weight  of  the  dog,  and  hence  the  surface  area,  remained  constant* 
Benedict  (7)  showed  that  the  metabolism  of  a  man  during  a  thirty- 
one-day  fast  decreased  considerably  more  than  what  could  be  accounted 
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for  by  the  decreased  surface  area  during  the  fast.  He  also  observed 
that  the  metabolism  rose  during  the  last  few  days  of  the  fast  although 
the  surface  area  of  the  subject  was  still  decreasing.  The  failure  of  the 
law  in  some  instances  has  been  attributed  to  the  inaccuracy  in  methods 
for  determining  the  surface  area,  nature  of  the  integimient,  variations 
in  amount  of  body  surface  exposed,  etc.,  but  with  more  exact  methods 
for  determining  the  surface  area  it  is  still  found  that  the  law  does  not 
hold  under  many  normal  as  well  as  pathological  conditions,  henoe 
Benedict  (7)  concludes  that  the  loss  of  heat  from  the  body  surface 
can  not  be  the  determining  factor  and  that  of  the  numerous  factors 
affecting  metabolism,  the  internal  stimulus  to  metaboUc  activity  is 
one  of  the  greatest. 

Burge  (3)  showed  that  when  pigeons  accustomed  to  an  active  life 
were  confined,  the  catalase  content  of  the  pectoral  muscles  decreased 
by  25  to  30  per  cent  although  the  weight  of  the  animals  remained 
constant,  and  that  when  the  animals  were  given  their  accustomed 
amount  of  exercise  the  catalase  content  increased  to  the  normal  amount. 
It  is  not  improbable  that  the  decrease  of  19  per  cent  in  the  metabolism 
of  Lusk's  dog  leading  an  inactive  life  was  due  to  a  decrease  in  the 
catalase  content  of  the  tissues  of  the  animal.  In  some  unpublished 
results  from  this  laboratory  it  was  found  that  the  catalase  content  of 
the  muscles  of  rats  during  the  first  few  days  of  fasting  Was  increased 
above  the  normal  particularly  when  the  animal  was  given  a  small  amount 
of  protein.  This  observation  carries  the  suggestion  that  the  specific 
dynamic  action  of  proteins  may  be  explained  by  an  increase  in  catalase, 
a  suggestion  which  we  hope  to  follow  out  experimentally. 

SUMMARY 

Evidence  is  presented  to'show  that  the  content  of  heart-muscle  in 
catalase,  per  imit  of  weight,  bears  an  inverse  relationship  to  the  size 
of  the  animal,  or  a  direct  relationship  to  the  intensity  of  the  oxidation 
processes. 
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The  fresh  serum  expressed  from  the  blood  clot  when  added  to  oxalated 
plasma  qr  to  fibrinogen  soon  produces  coagulation.  This  thrombic 
power  of  serum  decreases  rapidly,  especially  at  body  temperatures, 
but  may  be  reestablished  by  various  procedures,  such  as  addition  of 
tissue  extract  or  by  a  transient  increase  in  alkalinity.  The  nature  of 
these  inactive  stages  of  thrombin  has  been  the  subject  of  a  number  of 
investigations,  the  result  of  which  has  been  considerable  difference  of 
opinion  in  regard  to  the  interpretation  of  the  different  procedures  of 
activation.  It  will  be  shown  as  a  resiJt  of  the  following  experiments 
that  they  are  capable  of  a  simple  explanation  which  does  not  involve 
the  assumption  of  any  substance  other  than  those  quite  generally 
recognized  as  coagulation  factors. 

It  was  the  opinion  of  Alexander  Schmidt  (1)  that  "prothrombm" 
is  only  partially  activated*  in  the  process  of  coagulation  and  appears 
in  serum  together  with  thrombin.  He  believed  that  prothrombin 
remains  in  serum  much  longer  than  thrombin  and  may  be  activated 
by  the  addition  of  zymoplastic  (thromboplastic)  substance  or  by  a 
transient  increase  of  alkalinity,  or  by  both,  the  alkalinity  favoring  the 
action  of  the  zymoplastic  substance. 

A  distinct  advance  was  made  by  Morawitz  (2).  He  found  that  there 
is  more  than  one  proferment.  He  did  not  believe  that  the  proferment 
activated  by  calciimi,  described  by  Pekelharing  (3)  and  which  we  now 
know  as  prothrombin,  could  exist  in  serum,  as  blood  contains  sufficient 

*  This  work  was  started  in  the  physiological,  laboratory  of  Johns  Hopkins 
University  and  most  of  the  experiments  were  performed  at  that  place. 

*  Schmidt  used  the  word  *Spaltung.'  The  translation  activation  is  merely 
the  commoner  terminology  and  is  not  intended  to  designate  the  true  nature  of 
the  process. 
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calcium  to  activate  all  the  prothrombin,  and  addition  of  calcium  to 
serum  does  not  increase  its  thrombic  power.  However,  he  described 
a  proferment  distinct  from  that  of  Pekelharing  which  is  activated  by  a 
change  of  the  H'*'  ion  concentration  of  the  serum.  This  he  beUeved 
was  identical  with  the  "prothrombin"  of  Schmidt.  To  distinguish 
the  two  proferments  he  called  the  one  activated  by  calcium  a  profer- 
ment, and  the  one  activated  by  a  change  of  the  H+  ion  concentration 
0  proferment,  fi  proferment  does  not  exist  in  the  circtilating  blood  or 
oxalated  plasma  but  exists  in  serum,  whether  fresh  or  old. 

In  the  same  year  Fuld  (4)  described  the  substance  in  serum  which 
he  called  metazyme,  which  is  activated  by  alkali  or  acid  and  which  he 
regarded  as  a  more  stable  phase  of  thrombin.  This  substance  is  to  be 
regarded  as  identical  with  the  P  prothrombin  of  Morawitz.  The 
latter  did  not  agree  that  this  substance  is  a  more  stable  phase  of  throm- 
bin but  offered  no  other  explanation.  As  it  seemed  most  probable 
that  the  substance  was  a  modification  of  thrombin,  he  suggested  the 
term  "metathrombin."  For  the  sake  of  convenience  this  term  will 
be  used  to  denote  the  substance  or  condition  which  admits  of  the  de- 
velopment of  thrombin  when  serum  is  treated  with  alkali.  In  a  later 
paper  Morawitz  (5)  revised  his  view  that  a  prothrombin  does  not 
exist  in  serum  *as  he  found  it  to  contain  a  thrombogen'  activated  by 
tissue  extract  in  the  presence  of  calcium.  That  this  thrombogen  is 
not  identical  with  metathrombin  was  evident  from  the  fact  that  a 
serum  may  contain  the  latter  when  the  former  has  disappeared.  He 
further  presented  two  other  facts  which  have  been  confirmed  in  this 
investigaiton;  serum  may  be  activated  by  alkali  and  acid  in  the  absence 
of  calcium  but  cannot  be  activated  by  tissue  extract  unless  calcium  is 
present. 

Pekelharing  (6)  objected  to  the  assumption  of  the  two  ferments  by 
Morawitz.  It  is  his  belief  that  serum  contains  thrombin  but  no  pro- 
ferment. When  serum  stands  exposed  to  the  air  substances  arise  which 
oppose  the  coagulation  of  fibrinogen  and  these  substances  are  rendered 
inactive  by  acid  and  alkali.  These  inhibiting  substances  are  stated 
not  to  act  on  thrombin  (7).  However,  Landsberg  (8)  came  to  the 
conclusion  that  thrombin  is  inactivated  by  adsorption  on  to  the  serum 
proteins.    Such  an  adsorption  compound  corresponds  to  the  metathrom- 

*  Morawits  differentiates  this  thrombogen  from  a  prothrombin.  The  a  pro- 
thrombin was  originally  defined  as  a  substance  activated  by  calcium.  Later 
when  he  introduced  his  theory  of  a  thrombokinase  he  defined  a  prothrombin  as 
kinase  plus  thrombogen  without  calcium. 
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bin  of  MorawHz.  The  adsorption  takes  place  in  the  same  maimer 
that  trypsin,  emulsin  and  rennin  are  taken  up  and  inactivated  by  char- 
coal, casein  or  serum  albimien. 

Weymouth  (9)  studied  the  problem  of  the  activation  of  serum  and 
came  to  the  conclusion  that  the  substance  described  as  metathrombin 
is  a  combination  of  thrombin  with  the  antithrombin  of  the  serum. 
The  contention  of  Mellanby  (10)  and  of  CoUingwood  and  MacMahon 
(11)  that  such  a  combination  is  not  broken  up  by  the  alkali-acid  acti- 
vation is  readily  disproved.  These  authors  believe  that  what  really 
happens  is  a  liberation  of  thrombokinase  from  the  serum  proteins 
on  to  which  it  has  been  adsorbed.  If  this  were  the  case  then  the  phe- 
nomenon would  not  take  place  if  oxalated  serum  were  activated  and 
tested  on  oxalated  plasma. 

METHODS 

Only  a  brief  note  as  to  methods  and  materials  used  is  necessary. 
Thrombin  was  prepared  by  the  method  described  by  Howell  (12). 
For  the  thromboplastic  substance  occurring  in  tissue  extract  cephalin 
(13)  was  used.  Fibrinogen  was  prepared  by  precipitation  frcm  oxalated 
plasma  by  half  saturating  with  sodium  chloride,  the  precipitate  formed 
being  aggregated  by  the  centrifuge,  washed  with  a  half  saturated  solu- 
tion of  sodium  chloride  and  dissolved  in  a  2  per  cent  solution  of  sodium 
chloride.  This  procedure  was  repeated  three  times  and  only  such 
preparations  were  used  as  did  not  give  a  clot  in  twenty-four  hoars, 
when  calcified  in  the  presence  of  cephalin.  In  some  experiments  where 
the  action  of  calcium  did  not  enter  oxalated  plasma  was  used.  The 
coagulation  time  was  determined  in  homoeopathic  phials.  The 
coagulation  times  recorded  in  this  paper,  imless  otherwise  noted,  were 
taken  at  the  time  that  the  phial  could  be  inverted  without  disturbing 
the  clot. 

The  method  of  alkali  activation  used  was  practically  the  same  as 
that  used  by  previous  observers.  The  serum  was  incubated  at  37® 
for  ten  minutes  with  an  equal  volume  of  tV  NaOH,  then  neutralised 
with  T7  HCl  using  neutral  red  as  indicator.  In  the  later  experiments 
it  was  found  that  room  temperature  was  equally  satisfactory. 

Antithrombin  (14)  was  determined  by  incubating  serum  (heated  t^ 
60**  for  ten  minutes  to  rciiiove  tbrombm  and  prothrouibin)  witti 
thrombin  for  a  definite  tune  in  the  inaibator  at  37"*,  then  det^rmbiing 
the  ability  of  the  mixture  to  coagulate  fibrinogen. 
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EXPERIMENTS 

There  are  two  possibilities  as  to  the  origin  of  thrombin  in  activated 
serum.  It  may  arise  from  some  alteration  of  thrombin  itself,  either 
by  a  change  in  structure  of  the  thrombin  on  standing  or  its  modifi- 
cation in  some  way  by  substances  present  or  developing  in  serum,  or 
it  may  arise  from  prothrombin  such  as  exists  in  plasma.  The  former 
possibility  will  be  first  considered. 

It  has  been  the  general  experience  of  workers  with  blood  that  aque- 
ous solutions  of  isolated  thrombin'on  standing  do  not  undergo  inactiva- 
tion.  This  fact  makes  it  probable  that  the  inactivation  of  thrombin 
in  serum  is  not  due  to  a  change  in  the  structure  of  thrombin.  We 
must  turn  then  to  the  other  alternative,  that  thrombin  is  inactivated 
in  serum  through  the  intervention  of  some  substance  contained  in  the 
serum. 

Landsberg  considered  that  the  thrombin  is  adsorbed  on  to  the 
serum  proteins  just  as  rennin  may  be  adsorbed  by  such  a  substance  as 
casein.  Morawitz  (2)  tried  the  action  of  eggwhite,  milk,  dextrin  and 
commercial  egg  albumen  on  coagulation  of  fibrinogen  by  serum  and 
found  that  none  of  them  caused  an  appreciable  delay.  Rettger  (15) 
postulated  that  if  thrombin  unites  with  a  protein  there  must  be  a 
marked  specificity  in  this  respect  as  serum  soon  inactivates  thrombin, 
while  but  little  change  takes  place  when  thrombin  stands  in  contact 
with  egg  albumen.  That  there  is  a  specific  antithrombin  in  the  blood 
has  gained  considerable  support  from  Howell  and  his  coworkers,  and 
Weymouth  decided  that  the  metathrombin  of  Morawitz  is  a  combina- 
tion of  such  a  substance  and  thrombin.  Therefore  in  this  investigation 
for  comparison  with  serum  a  series  of  determinations  of  the  antithrom- 
bin power  of  various  substances  was  made.  Serum  was  heated  to  60^ 
to  remove  its  thrombin  and  then  amounts  of  one  drop  were  incubated 
for  fifteen  minutes  at  37°  with  2,  3  and  4  drops  of  thrombin  solution. 
Under  exactly  duplicate  conditions  the  following  substances  were  incu- 
bated with  like  amounts  of  the  same  thrombin  solution:  (1)  Fresh 
whole  milk;  (2)  fresh  egg  albumen;  (3)  peptone  ("Witte")  6  per  cent 
solution;  (4)  potato  starch  (a  thick  paste);  (5)  acacia,  6  per  cent  solu- 
tion; (6)  gelatine,  6  per  cent  solution;  (7)  animal  charcoal,  6  per  cent 
suspension;  (8)  kaolin,  6  per  cent  suspension. 

The  thrombin  used  was  of  such  a  strength  that  two  drops  clotted 
ten  drops  of  oxalated  plasma  in  1  +  minutes.  When  incubated  with 
the  above  mentioned  substances  for  15  minutes  all  the  preparations 
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clotted  in  between  1  and  2  minutes,  on  the  other  hand  the  thrombin 
incubated  with  the  serum  antithrombin  was  so  much  inactivated  that 
determination  of  a  definite  end  point  was  impossible  as  is  seen  in  the 
following  data. 


ANTITHBOMBIN 

INCUBATBD  15  MIN. 
WITH  THBOMBIN 

OOAOULATtOM  TIMX 

1  drop 
1  drop 
1  drop 

2  drops 

3  drops 

4  drops 

Pellicle  2  hours;  did  not  get  solid 

Pellicle  75  minutes ;  gel  4  hours  solid  8-20  hours 

Weak  gel  20  minutes,  solid  8-20  hours 

The  above  experiment  shows  that  the  inactivation  of  thrombin  by 
other  substances  than  serum  is  negUgible  when  compared  with  that  of 
serum,  in  fact  it  is  so  small  that  it  could  not  be  measured  by  the  method 
used.  This  fact  allows  of  but  one  conclusion,  that  the  action  between 
serum  and  thrombin  is  of  a  specific  nature. 

We  have  seen  that  thrombin  is  inactivated  by  serum,  it  remains  to 
be  shown  that  a  imion  is  formed  which  answers  to  the  specifications  of 
metathrombin. 

It  was  argued  by  Morawitz  that  metathrombin  could  not  be  such 
a  combination,  as  it  occurs  in  old  serum  from  whieh  antithrombin  has 
disappeared.  As  we  now  have  improved  methods  (14)  of  testing  for 
antithrombin  this  work  was  repeated.  Serum  obtained  on  September 
29  was  allowed  to  stand  in  a  stoppered  bottle  on  the  laboratory  shelf 
and  was  tested  from  time  to  time  for  metathrombin  and  antithrombin. 
These  were  fotmd  to  occur  together.  November  27  was  the  last  day 
on  which  any  thrombin  could  be  developed  by  alkali  activation.  On 
this  day  the  antithrombin  test  was  as  follows. 


THBOMBIN 

INCUBATED  rOB   15  MIN.  37*C 
WITH 

CLorrBD  10  DBOPB  or  oxalatcd 
PLASMA  nr 

4  drops 
4  drops 

Water  2  drops 
Serum  2  drops 

8  minutes 

Jelly  clot  over  night 

After  this  no  thrombin  could  be  developed  by  alkali  activation  and 
antithrombin  tests  showed  no  appreciable  amount  of  this  substance. 

A  study  of  the  susceptibiUty  of  the  serum  constituents  to  heat  fur- 
nished additional  evidence  of  a  thrombin-antithrombin  combination. 
Thrombin  is  destroyed  at  a  lower  temperature  than  antithrombin. 
It  is  to  be  expected  therefore  that  the  susceptibility  of  the  combined- 
thrombin  would  approximate  that  of  antithrombin  in  a  manner  similar 
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to  the  protection  afiForded  to  heat  by  a  substrata  towards  an  enzyme, 
as  peptone  to  trypsin,  Biernacki  (16).  It  is  stated  by  Morawitz  (17) 
and  confirmed  by  Weymouth  (9)  that  thrombin  and  metathrombin 
have  the  same  thermolability.  On  the  other  hand  Rettger  (15)  fomid 
that  if  a  serum  be  heated  for  a  few  minutes  at  65°  it  is  inactive  when 
added  to  a  fibrinogen  solution  but  becomes  active  on  treating  with 
alkali  and  acid. 

At  a  proper  selection  of  temperature  and  diu^tion  of  heating  it  was 
foimd  that  there  is  a  definite  difference  in  susceptibility  of  thrombin, 
prothrombin  and  metathrombin.  Serum  and  plasma  were  heated  side 
by  side  in  thin  walled  test  tubes  in  a  water  bath  to  the  temperature  in- 

TABLE  1 


OOAOXTIiATXON  TXI» 

ANTITmOMBnC  DBTaSMZNATION 

AMOUNT 

SerumS 

drope  + 

fibnDocoii 

10  drop* 

S«r^m  SdropSf 

■otivatedwUh 

alkali  +  fibrinocen 

10  drops 

Thrombin  2  dropa 

Thrombins  dropa 

Thrombin 
4drope 

unheated 

90min. 

lOmin. 

flocculent  pre- 
cipitate 60 
min. 

gel  45  min. 

10  min. 

60.0' 

No  clot 

20min. 

flocculent  pre- 

cipitate 60 

gel  45  min. 

10  min. 

mm. 

62.5« 

No  clot 

60  min.  good 
gel  35  min. 

Pellicle       60 
min. 

10  min. 

3  min. 

65.0' 

No  clot 

gel    60  min. 
solid  over 
night 

gel  3  min. 

1  min. 

1  min. 

dicated  and  held  there  accurately  for  five  minutes.  To  remove  the 
fibrinogen  from  the  plasma  it  had  been  previously  heated  to  55°  and 
the  predpitate  removed  by  the  centrifuge.  In  both  plasma  and  in 
serum  heated  to  60°  or  over  no  substance  remained  which  yields  throm- 
bin on  the  addition  of  calcium  in  the  presence  of  thromboplastic  sub- 
stance. The  fate  of  thrombin,  metathrombin,  and  antithrombin  is 
shown  in  the  following  table.  In  the  figures  given  for  antithrombin 
one  drop  of  serum  was  heated  with  the  indicated  amount  of  thrombin 
for  15  minutes  at  37°.  The  thrombin  was  of  such  a  strength  that  two 
drops  clotted  ten  drops  of  fibrinogen  solid  in  1  minute. 

It  is  to  be  seen  that  progressive  heating  to  65°  injures  metathrom- 
bin, but  65°  for  5  minutes  does  not  destroy  it.    At  the  same  time  the 
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antithrombin  is  weakened  and  but  little  remains  at  65^.  Above  this 
temperatxire  both  are  destroyed.  On  the  other  hand  all  sera  heated 
to  60^  or  more  are  inactive,  as  regards  free  thrombin,  showing  a  clean 
cut  separation  by  heat  of  thrombin  and  metathrombin,  the  combined- 
thrombin  being  destroyed,  not  at  its  own  critical  temperature  in  serum 
but  at  that  of  antithrombin.  This  is  good  evidence  that  thrombin  is 
in  combination  with  the  antithrombin  and  controverts  the  view  <rf 
Pekelharing  that  the  phenomenon  of  alkali  activation  is  due  to  the 
removal  of  substances  developing  in  serum  which  prevent  the  action 
of  thrombin  on  fibrinogen  but  which  do  not  combine  the  thrombin. 

If  the  line  of  reasoning  followed  in  this  investigation  holds,  then  the 
effect  of  alkali  on  serum  is  to  release  the  thrombin  from  the  antithrom- 
bin, therefore  the  effect  of  alkaU  activation  on  the  antithrombin  of 
serum  was  studied.    Serum  was  activated  and  its  thrombic  and  anti- 


TABLE  2 

CLOTTED  rXBBINOOBN 
10  DBOFB 

AITKB  KMATUtQ  AT  60* 

FOB  10  IfXN.  AMD  OTCO- 

BATXXOrOR  10  MIX. 

WITH  THKOMBnr  3 

DROPS— cxxymo  h- 
BBmoasH  10  DBon 

Serum  4  drops  (unactivated) 

55  min. 

10  min. 

60  min. 

5  min. 

No  clot  21  hours. 

Senim  4  drops  (activat-fid) 

75  min. 

Seruni  4  dfops  Ti^activatftH) 

5  min. 

Thrombin  2  drops 

thrombic  power  determined.  It  was  then  heated  to  60°  for  10  min- 
utes to  remove  the  free  thrombini,  after  which  it  was  reactivated  and  a 
determination  made  of  the  thrombin  and  antithrombin,  for  compari- 
son with  the  imactivated  serum  and  the  serum  activated  oi^y  once. 
Care  was  taken  in  each  case  that  the  determination  was  made  on  an 
amount  equivalent  to  four  drops  of  the  original  serum.  The  results 
are  here  tabulated. 

It  becomes  apparent  from  these  experiments  that  in  the  process  (rf 
alkali  activation,  simultaneous  with  the  increase  of  thrombic  power  of 
the  serum  there  is  a  decrease  in  its  ability  to  inactivate  thrombin. 
This  ability  becomes  nil  with  the  second  activation,  a  fact  which  ex- 
plains the  statement  made  by  Morawitz  that  serum  can  not  be  acti- 
vated a  third  time;  there  is  no  antithrombin  remaining  in  condition  to 
combine  thrombin. 

The  most  direct  proof  of  the  nature  of  metathrombin  is  to  be  ob- 
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tained  by  addition  of  thrombin  to  antithrombin . .  Experiments  of 
this  kind  (9)  have  been  tried,  but  it  is  obvious  that  an  error  is  intro- 
duced when  serum  is  used.  In  order  to  heat  the  serum  siifficiently  to 
remove  the  metathrombin  abeady  present  would  require  a  tempera- 
ture that  would  destroy  the  antithrombin.  Therefore  oxalated  plasma 
which  had  been  heated  to  60°  to  remove  the  prothrombin  was  used  for 
antithrombin  as  it  has  been  repeatedly  demonstrated  that  plasma 
does  not  contain  metathrombin.  It  was  found  that  small  amounts  of 
plasma  could  inactivate  very  large  amoimts  of  thrombin  in  a  few  hours, 
therefore  the  plasma  was  added  directly  to  the  watch  crystals  contain- 
ing the  dried  thrombin.  The  presence  of  thrombin  after  alkali  acti- 
vation is  not  sufficient  proof  of  activation,  the  free  thrombin  already 
present  is  injured  but  by  no  means  destroyed  in  the  process.  The  cri- 
terion of  a  thrombin-antithrombin  combination  was  a  plasma  which 
had  but  slight  thrombic  activity  but  which  developed  thrombin  after 
treatment  with  alkali  and  acid.  Such  a  preparation  can  be  obtained 
with  great  r^ularity  if  the  plasma  is  incubated  for  the  proper  time 
with  sufficient  thrombin. 

The  data  of  two  of  the  most  successful  experiments  are  presented  as 
follows: 

Twenty  drops  of  plasma  were  added  to  a  watch  crystal  in  which  5 
cc.  of  a  very  active  thrombin  solution  had  been  dried.  The  mixture 
was  allowed  to  stand  for  24  hours  at  30  to  35°,  at  the  end  of  which 
time  it  reacted  as  follows: 

A 

Thrombin-plasma  mixture,  6  drops  +  oxalated  plasma  10  drops,  no  clot  in 

24  hours. 
Thrombin-plasma  mixture,  6  drops  (activated)  +  oxalated  plasma  10 

drops,  clot  in  6  minutes. 

Cephalin  had  no  effect  on  this  combination. 

In  an  experiment  similar  to  the  above  in  which  diflferent  prepara- 
tions of  the  constituents  were  used  the  following  results  were  obtained: 

B 

Thrombin-plasma  mixture,  5  drops  +  fibrinogen  10  drops,  no  clot  in  10 

hours. 
Thrombin-plasma  mixture,  5  drops  (activated)  +  fibrinogen  10  drops, 

clot  in  1  hour,  gel  in  30  minutes. 

From  the  foregoing  experiments  we  may  conclude  that  in  serum 
there  exists  a  combination  of  thrombin  and  antithrombin  which  has 
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the  thermolability  of  the  latter,  not  of  the  former,  which  does  not 
yield  thrombin  on  the  addition  of  cephalin  but  is  disrupted  by  alkali 
with  a  Uberation  of  thrombin  attended  by  such  an  alteration  of  anti- 
thrombin  that  it  becomes  inactive. 

In  addition  to  the  combined-thrombin  existing  in  serum  there  is 
also  evidence  of  the  presence  of  prothrombin  as  was  believed  by  Schmidt 
and  Morawitz.  If  a  small  amount  of  cephalin  is  added  to  fresh  serum 
it  becomes  very  active.  If  the  serum  is  first  oxalated  no  activation 
occurs.  That  this  is  not  due  to  the  excess  of  the  oxalate  can  be  shown 
as  no  activation  occurs  after  removal  of  the  excess  of  oxalate  by  dialy- 
sis. That  oxalate  produces  no  injury  to  the  prothrombin  follows  from 
the  observation  that  normal  activation  of  such  a  serum  by  cephalin 
occurs  if  it  is  recalcified.  The  only  substance  known  in  the  coagula- 
tion system  that  yields  thrombin  in  the  presence  of  calcium  and  tis- 
sue extract  is  prothrombin.  The  thrombin-antithrombin  union  when 
once  formed  has  been  shown  not  to  be  affected  by  thromboplastic  sub- 
stance as  serum  heated  to  60°  for  10  minutes  does  not  develop  thrombin 
on  the  addition  of  cephalin  and  the  latter  does  not  split  the  union  be- 
tween plasma  heated  to  60°  and  thrombin. 

The  time  at  which  the  thrombin  is  combined  by  the  antithrombin  is 
of  interest.  No  combined-thrombin  exists  in  oxalated  plasma  but  it 
is  present  in  apparently  full  amount  in  the  fresh  serum.  The  following 
experiment  was  devised  to  determine  the  time  of  its  origin  and  the  re- 
lationship of  the  amount  of  tissue  extract  to  the  amount  of  the  differ- 
ent stages  of  thrombin  in  serum.  In  order  to  get  a  plasma  low  in 
tissue-extract  content  a  cat  was  bled  from  the  carotid  through  a  greased 
cannula  into  oxalate.  This  was  centrifuged  at  once  at  high  speed  for 
over  an  hour  to  obtain  a  very  clear  plasma.  Such  a  plasma  was  heated 
to  about  55°C.,  at  which  point  the  fibrinogen  is  coagulated  but  the 
other  coagulation  factors  are  imdisturbed.  The  coagulum  was  re- 
moved by  means  of  the  centrifuge.  If  a  plasma  so  prepared  is  calci- 
fied the  process  of  thrombin  formation  is  initiated  without  the  removal 
of  any  of  the  thrombin  by  fibrinogen,  furthermore  it  is  not  necessary  to 
wait  till  after  clot  formation  to  study  the  serum.  The  plasma  was  cal- 
cified according  to  an  optimmn  previously  determined  on  the  unheated 
oxalated  plasma. 

Two  series  were  run  simultaneously:  Preparation  I  was  low  in  tis- 
sue-extract content  (i.e.,  contained  only  the  smaU  amount  unavoidably 
present  in  the  oxalated  plasma) ;  Preparation  II  was  prepared  with  an 
excess  of  cephalin.     Thrombin  determinations  were  made   on  these 
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after  oxalating  to  prevent  further  conversion  of  prothrombin.  For 
prothrombin  determinations,  to  Preparation  I  was  added  cephalin. 
Preparation  II  already  having  an  excess  of  cephalin  was  untreated. 
The  coagulation  times  observed  in  the  prothrombin  determinations 
therefore  represent  the  effect  of  the  thrombin  already  present  plus  the 
effect  of  that  formed  from  prothrombin  after  preparation  of  the  coagu- 
lating mixture.  Combined-thrombin  was  determined  by  the  alkali 
activation  of  a  portion  that  had  been  heated  to  60°  for  5  minutes  to 
remove  the  thrombin  and  prothrombin  present.  The  slight  injury  \m- 
fortunately  occurring  in  this  amount  of  heating  does  not  seriously  inter- 
fere with  the  results.  It  necessitates,  however,  that  the  heating  of 
each  specimen  should  be  exactly  the  same.  It  is  obvious,  in  experi- 
ments of  this  kind  where  tissue  extract  and  calcium  are  both  present, 
that  the  tests,  to  be  of  value,  had  to  be  made  on  a  fibrinogen  prepara- 
tion absolutely  free  from  prothrombin,  that  is  without  a  trace  of  clot- 
ting after  a  24-hour  contact  with  calcium  and  cephalin. 

Determinations  were  made  at  periods  varying  from  1  minute  to  24 
hours  after  calcifying.  The  results  obtained  are  plotted  in  figures  1 
and  2. 

As  the  observations  lasted  24  hours  and  as  the  maximum  changes 
occurred  in  the  first  few  minutes  it  was  necessary  to  plot  the  points  on 
a  system  of  logarithmic  coordinates  to  get  the  results  within  the  curve. 
The  axis  of  abscissae  represents  the  time  in  hours  after  calcification  of 
the  plasma,  the  axis  of  ordinates  represents  the  amount  of  thrombin  as 
indicated  by  the  reciprocal  of  the  coagulation  time  expressed  in  hours. 
It  should  be  borne  in  mind  that  the  coagulation  time  is  an  index  to  the 
amount  of  thrombin  only  up  to  a  certain  maximum  amount  above 
which  the  coagulation  time  can  not  be  shortened  by  an  increase  of 
thrombin  present  (15).  Therefore  in  the  prothrombin  determinations 
in  Preparation  I  there  was  during  the  whole  24  hours  at  least  suffi- 
cient prothrombin  to  give  coagulation  in  the  minimum  time,  one 
minute  or  less,  except  in  the  last  test  where  the  coagulation  time  was 
2  minutes.  There  must  have  been  a  diminution  of  the  prothrombin  as 
thrombin  was  formed  but  this  never  reached  a  point  below  the  maxi- 
mum that  could  be  determined.  In  contrast  with  this  in  Preparation 
II  where  there  was  an  excess  of  tissue  extract,  the  prothrombin  was 
converted  to  thrombin  at  the  very  start  of  the  experiment.  The  pro- 
thrombin content  of  the  serum  must  very  soon  fall  to  zero.  It  is 
seen  that  the  prothrombin  curve  follows  the  thrombin  curve  very 
closely.     At  most  only  the  difference  between  the  two  curves  can  rep- 
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resent  prothrombin  and  this  difference  must  be  still  further  discounted, 
as  in  the  preparation  on  which  the  thrombin  was  detennined  a  precipi- 
tate of  calcium  oxalate  had  been  formed  which  would  carry  down  some 
of  the  thrombin. 


4d 


protW^nbin 


Fig.  I.  The  development  of  tbrombm  and  combined- thrombin  in  a  scruni 
formed  in  the  prf»encc  of  a  ramimum  of  cephalin.  Logarithmic  coordinates. 
Abscissae:  timo  in  hours  after  calciQcation  of  plasma.  Ordinates:  amount  of 
throtnbEn  as  indicated  by  the  reciprocal  of  the  coaguUtion  time  expressed  in 
hours.. 
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The  rapidity  of  conversion  of  prothrombin  explains  the  great  varia- 
bUity  of  sera  in  relation  to  tissue  extract.  In  the  early  part  of  the 
work  the  fact  that  cephalin  would  not  increase  the  thrombic  power  of 
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Fig.  2.    The  development  of  thrombin  and  combined-thrombin  in  a  serum 
formed  in  the  presence  of  an  excess  of  cephalin. 

many  sera  was  a  perplexing  phenomenon  especially  as  it  was  not  known 
that  cephalin  would  not  liberate  combined-thrombin.  As  the  activa- 
tion of  a  serum  by  tissue  extract  depends  upon  its  prothrombin  con- 
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tent,  and  this  in  turn  depends  upon  the  amount  of  tissue  extract  al- 
ready present,  it  can  be  seen  that  conversion  of  prothrombin  is  so  com- 
plete when  enough  of  the  latter  is  present  during  clotting  that  no  more 
remains  in  the  serum  to  be  liberated  by  thromboplastic  substance. 

The  thrombin  curves  in  the  two  cases  show  two  points  in  common. 
There  is  an  early  rapid  rise  in  amoimt  followed  by  a  rapid  fall.  The 
rise  is  best  seen  in  Preparation  I,  no  thrombin  was  demonstrable  in 
the  one  minute  sample,  but  it  reached  its  maximimi  after  5  minutes. 
In  Preparation  II  the  rise  was  so  rapid  that  in  the  one-minute  specimen 
coagulation  was  in  the  minimum  time.  In  both  cases  the  disappear- 
ance of  the  thrombin  was  strikingly  rapid.  This  rapid  disappearance 
of  thrombin  which  is  undoubtedly  also  taking  place  even  while  the 
total  amoimt  is  rising  is  attended  by  an  increase  in  the  amotmt  of 
combined-thrombin  comparably  rapid.*  This  explains  the  observa- 
tion of  the  older  observers  that  metathrombin  is  present  in  maximum 
amounts  in  fresh  serum.  By  the  time  the  serum  could  be  obtained 
from  the  clot  suflScient  thrombin  had  combined  to  give  the  maximum 
reaction.  There  is  no  evidence  whatever  in  the  curves  that  thrombin 
is  constantly  being  combined;  the  amount  of  thrombin  that  the  amount 
of  tissue  extract  is  capable  of  producing  is  formed  rapidly,  then  quickly 
disappears  so  that  the  maximum  of  the  combined-thrombin  curve  is 
reached  very  early,  after  which  the  amount  as  far  as  it  can  be  deter- 
mined remains  nearly  stationary,  at  least  there  is  no  further  rise. 
The  slight  fall  in  the  curves  is  to  be  explained  in  part  by  the  deteriora- 
tion of  the  fibrinogen  which  takes  place  during  the  period  of  the  experi- 
ment. The  decrease  in  combined-thrombin  in  serum  must  be  very 
gradual  as  it  is  still  present  in  large  amounts  after  several  weeks.  The 
apparent  variation  in  the  points  on  the  curve  is  due  to  the  method  of 
plotting.  The  maximum  variation  in  the  coagulation  times  observed 
after  the  curve  reaches  its  maximum,  is  only  8  minutes  and  this  is 
greatly  influenced  by  slight  variations  in  the  H"^  ion  concentration  of 
the  end  point  after  neutralization. 

*  The  slight  injury  caused  by  the  heating  to  60°  prevents  the  rise  of  the  com- 
bined-thrombin curve  to  the  height  it  would  attain  if  determinations  were  made 
on  unheated  preparations.  On  the  other  hand  a  curve  determined  under  the 
latter  conditions  would  be  very  inaccurate  in  parts  of  the  curve  showing  large 
amounts  of  free  thrombin. 
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DISCUSSION 

The  foregoing  facts  have  a  direct  bearing  on  the  procedure  of  the 
coagulation  process.  It  is  a  well  known  fact  that  large  amounts  of 
thrombin  can  be  injected  into  the  circulating  blood  without  the  occur- 
rence of  thrombosis.  In  figure  1  is  written  the  story  of  a  comparable 
situation.  The  small  amount  of  thromboplastic  substance  present  in 
the  plasma  was  capable  of  forming  rapidly  a  definite  amount  of  throm- 
bin, but  this  thrombin  disappeared  about  equally  as  rapidly,  the  rise 
of  the  combined-thrombin  curve  showing  the  manner  of  its  removal. 
As  thrombin  can  not  be  liberated  from  the  blood  antithrombin  by  any 
agency  known  to  be  present  in  normal  blood  the  smaU  amounts  cl 
thrombin  that  may  arise  as  a  result  of  thromboplastic  substance  be- 
coming available  are  permanently  removed  from  the  possibility  of 
activity.  In  the  blood  stream  the  removal  would  be  even  more  rapid. 
The  experiments  were  performed  at  room  temperature  whereas  at 
body  temperature  the  activity  of  antithrombin  is  very  much  greater, 
Howell  (18).  In  normal  coagulation  the  thrombin  when  formed  has 
two  possible  fates.  It  may  be  combined  by  antithrombin  or  by  fibrin- 
ogen. TTie  division  coeflScient  between  these  two  would  be  a  valua- 
ble bit  of  information.  It  is  to  be  expected  that  the  presence  of  the 
fibrinogen  would  greatly  modify  the  course  of  the  combination  of 
thrombin  by  antithrombin.  We  may  cite  for  analogy  the  relatively 
greater  inhibition  ct  rennin  by  serum-albumen,  Hedin  (19),  when  the 
rennin  has  been  in  contact  with  the  serum-albumen  before  the  addi- 
tion of  the  milk.  It  would  seem  that  such  a  combination  of  thrombin 
by  antithrombin  would  be  very  detrimental  to  the  process  of  coagula- 
tion but  during  conditions  allowing  clotting  the  coeflScient  of  division 
would  be  modified  in  favor  of  the  fibrinogen  combination  by  the  de- 
crease of  temperature  and  by  the  presence  of  thromboplastic  sub- 
stance. There  is  an  undoubted  delay  in  the  thrombin-antithrombin 
union  in  the  presence  of  cephalin  as  is  shown  very  clearly  in  Howell's 
experiments  (13).  This  delay  is  not  suflScient,  however,  to  prevent  a 
rapid  development  of  combined-thrombin  when  a  great  deal  of  throm- 
bin is  present  (vid.  fig.  2),  or  to  maintain  thrombin  free  in  the  serum 
for  any  length  of  time. 

The  properties  of  the  thrombin-antithrombin  combination  have  a 
relationship  to  the  nature  and  condition  of  prothrombin.  The  resist- 
ance of  the  combination  to  cephalin  precludes  the  possibility  that  pro- 
thrombin is  a  thrombin  held  in  an  inactive  form  in  the  circulatory 
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plasma,  at  least  as  an  antithrombin  combination.  According  to  the 
theory  of  coagulation  formulated  by  Howell,  prothrombin  is  protected 
from  calcium  activation  by  antithrombin.  Such  a  prothrombin-anti- 
thrombin  complex  would  seem  to  be  diflferent  in  nature  from  the  throm- 
bin-antithrombin  combination  as  ifc  is  broken  up  by  thromboplastic 
substance  and  the  prothrombin  retains  its  own  critical  temperature^ 
not  being  protected  by  antithrombin. 

The  facts  known  at  present  concerning  the  nature  of  the  combina- 
tion in  which  thrombin  is  held  does  not  allow  of  its  definite  classifica- 
tion. If  an  adsorption  it  would  be  one  in  which  the  substance  ad- 
sorbed is  fixed  in  such  a  way  that  the  process  is  not  reversible.  Hedin 
(20)  has  described  such  a  process  for  the  inactivation  of  enzymes. 
The  inactivation  of  tr3rpsin  or  rennin  by  serum  albiunen  or  egg  white 
differs  in  many  ways  from  ordinary  adsorption.  The  enzyme  may  be 
completely  removed  if  sufficient  of  the  inactivating  agent  is  present. 
The  amount  of  enzyme  taken  up  increases  with  the  temperature  and 
it  is  independent  of  the  amoimt  of  water  present,  the  adsorption  com- 
pound is  therefore  not  broken  down  by  the  addition  of  water.  The 
fact  that  a  combination  of  the  enzyme  with  charcoal  occurs  which  has 
the  same  properties  has  led  Hedin  to  class  the  process  with  the  adsorp- 
tions. If  the  serum  albiunen  or  egg  white  is  treated  with  acid,  then 
neutralized,  it  loses  its  power  to  combine  an  enzyme.  The  analogy  of 
the  Hedin  adsorption  with  thrombin  inactivation  led  Landsberg  to 
assume  that  thrombin  is  adsorbed  by  serum  albumen.  In  many  way^ 
the  analogy  holds.  However,  as  has  been  pointed  out,  the  inactiva- 
tion of  thrombin  by  serum  is  all  out  of  proportion  to  its  inactivation 
by  charcoal  or  eggwhite  and  one  would  be  forced  to  assume  that  there 
is  a  marked  specificity  in  the  reaction  whether  this  be  due  to  a  favor- 
able chemical  configuration  of  the  surface  of  the  antithrcmbic  phase 
or  a  more  rapid  or  complete  fixation  of  the  substance  adsorbed.  The 
Hedin  adsorption  is  partially  reversible.  When  the  substrate  of  the 
enz3rme  is  brought  into  contact  with  the  adsorbed  enzyme  a  part  of 
the  substrate  is  adsorbed  and  forces  out  a  portion  of  the  enzyme,  which 
acts  upon  the  unadsorbed  substrate.  In  the  case  of  the  thrombin- 
antithrombin  combination,  fibrinogen  does  not  produce  this  effect  as  a 
serum  heated  to  60°  when  added  to  fibrinogen  does  not  produce  a  clot 
although  it  may  be  proved  by  alkali  activation  to  be  rich  in  combined- 
thrombin.  There  is  at  present,  in  so  far  as  is  known  to  the  author, 
no  evidence  that  thrombin-antithrombin  reaction  is  reversible;  pro- 
cesses which  break  up  the  combination  also  injure  or  destroy  the 
antithrombin. 
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1.  There  is  only  one  kind  of  thrombin  in  serum.  This  may  be 
formed  from  prothrombin  by  the  action  of  thromboplastic  substance 
and  calcium  or  may  "be  liberated  from  a  combination  with  antithrom- 
bin  by  alkali  activation  according  to  the  method  of  Schmidt. 

2.  The  inactive  stage  from  which  thrombin  is  liberted  by  alkali  ac- 
tivation is  believed  to  be  a  thrombin-antithrombin  combination  for 
the  following  reasons: 

(a)  The  inactivation  of  thrombin  by  nonnspecific  colloids,  charcoal 
and  kaolin  is  negligible  compared  with  the  inactivating  action  oS 
plasma. 

(b)  Combined-thrombin  and  antithrombin  disappear  at  the  same 
time  from  serum  allowed  to  stand. 

(c)  C!ombined-thrombJn  is  destroyed  by  heat  not  at  the  critical 
temperature  of  thrombin  but  at  that  of  antithrombin. 

(d)  In  the  process  of  alkali  activation  the  antithrombin  is  destroyed 
or  so  altered  that  it  loses  its  abiUty  to  combine  thrombin. 

(e)  When  thrombin  is  incubated  with  antithrombin  (i.e.  plasma 
heated  to  60°)  a  combination  is  found  which  does  not  clot  fibrinogen 
until  broken  up  by  the  alkali  activation  method. 

3.  Thrombin  is  not  liberated  from  combination  with  antithrombin 
by  the  action  of  thromboplastic  substance. 

4.  The  amoimt  of  prothrombin  in  serum  varies  inversely  as  the 
amount  of  tissue  extract  present  at  time  of  clotting. 

5.  The  amount  of  thrombin  formed  in  the  presence  of  a  given  amount 
of  thromboplastic  substance  is,  apparently,  definite  in  amoimt;  it 
forms  rapidly  and  is  combined  rapidly,  the  sjrstem  then  returning  to 
equilibrium.  This  rapid  inactivation  is  a  potent  factor  in  the  main- 
tenance of  the  normal  fluidity  of  the  blood.  Plasma  is  very  intolerant 
of  free  thrombin. 

It  is  a  great  pleasure  to  me  to  thank  Dr.  Howell  for  suggesting  this 
problem  and  for  the  kindly  suggestions  received  during  its  solution. 
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Sherrington  (1)  has  recently  called  attention  to  the  general  postural 
activity  of  muscle  and  nerve  in  animals.  In  a  study  of  the  neuro-mus- 
cular  respiratory  mechanism  we  had  occasion  to  investigate  the  rdle  of 
the  abdominal  muscles  in  the  respiratory  movements.  In  the  coiu'se 
of  these  experiments  we  were  impressed  with  the  great  variations  in 
length  of  the  rectiis  abdominis  muscle,  and  decided  to  look  into  the 
cause  of  these  variations  a  little  more  closely. 

Our  experiments  were  done  on  cats  under  continuous  ether  anes- 
thesia and  without  decerebration.  Respiratory  tracings  were  taken 
from  the  thorax  and  the  abdomen  by  means  of  a  Crile  stethograph  (2), 
connected  to  a  Verdin  recording  tambour.  The  rectus  abdominis 
muscle  was  exposed  by  dissecting  away  the  lower  medial  portion  of  the 
pectoral  muscles  of  one  side  and  exposing  the  attachment  of  the  rectus 
abdominis  to  the  ribs.  A  thread  attached  to  the  upper  end  of  the 
rectus  abdominis,  after  severing  its  attachments  to  the  ribs  and  dis- 
secting it  down  to  the  beginning  of  the  transversalis  abdominis,  was 
attached  to  a  muscle  lever  whose  writing  point  was  directly  beneath 
that  of  the  recording  tambours.  The  movements  of  the  lever  indi- 
cated the  variations  in  the  length  of  the  muscle,  a  fall  of  the  lever  indi- 
cating a  relaxation.  Some  movements  of  the  muscle  lever  occurred 
with  each  respiration,  but  these  ordinarily  were  not  very  great.  In 
dyspnoea  the  movements  of  the  rectus  abdominis  might  increase  very 
greatly.  This  phase  of  its  activity  wiH,  however,  be  discussed  in  a 
separate  communication.  We  wish,  at  this  time,  simply  to  call  atten- 
tion to  its  active  changes  in  length  with  changes  in  the  intra-abdominal 
pressure. 

Oiir  first  observations  were  made  by  distending  the  stomach  with 
fluid  by  means  of  a  stomach  tube  inserted  through  the  esophagus.  To 
prevent  regurgitation  when  the  pressure  of  the  fluid  became  more 
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than  a  few  centimeters  of  salt  solution  we  found  it  necessary  to  pass  a 
ligature  about  the  esophagus  in  the  neck.  We  discovered  that  it  was 
impossible,  however,  to  reach  the  limits  of  distension  of  the  abdominal 
wall  by  injecting  fluid  into  the  stomach.  We  therefore  injected  an  $ 
solution  of  sodium  chloride  directly  into  the  peritoneal  cavity  by  means 
of  a  burette  and  a  hjrpodermic  needle.  The  injection  of  the  fluid  was 
usually  continued  until  no  more  would  nm  in  under  a  pressure  of  a 
coliunn  of  fluid  80  to  100  em.  high. 

When  the  central  nervous  S3rstem  and  the  afferent  nerve  roots  are 
intact,  the  introduction  of  100  cc.  of  fluid  into  the  stomach  or  the 
peritoneal  cavity  is  attended  by  a  slight  transient  increase  in  the 
abdominal  *girth,  as  shown  by  the  tracing  of  the  abdominal  respiratory 
movements,  and  a  marked  increase  in  the  length  of  the  rectus  abdo- 
minis muscle.  The  introduction  of  small  amoimts  of  fluid,  10  to  25 
cc,  may  be  suflicient  to  bring  about  a  noticeable  change  in  the  length 
of  the  rectus  abdominis  and  a  small  increase  in  the  girth  of  the  abdo- 
men. Subsequent  injections  of  fluid  in  quantities  of  100  cc.  are,  of 
course,  attended  by  an  increase  in  the  abdominal  girth  and  by  a  length- 
ening of  the  rectus  abdominis  muscle  imtil  the  limit  of  distensibility 
of  the  muscle  is  reached.  The  pressiu*e  imder  which  the  first  injec- 
tions were  made  was  not  more  than  5  or  10  cm.  of  salt  solution,  and  fluid 
will  continue  to  enter  the  peritoneal  cavity  at  these  low  pressures  of  in- 
jection until  one  approaches  the  limits  of  extensibility  of  the  abdominal 
wall,  when  the  pressure  required  for  injection  rather  suddenly  rises. 
When  the  pressure  of  injection  becomes  relatively  high,  practically 
every  trace  of  diaphragmatic  respiration  ceases,  as  shown  by  the  mini- 
mal excursion  of  the  writing  point  of  the  tambour  connected  with  the 
abdominal  stethograph.  The  costal  respiration  increases  as  the  ab- 
dominal respiration  becomes  more  and  more  feeble.  We  cite  below  a 
protocol  of  one  typical  experiment,  in  which  the  fluid  was  injected 
directly  into  the  stomach  (A)  when  the  central  nervous  system  was 
intact  and  (B)  after  section  of  the  dorsal  roots  of  certain  spinal  nerves. 

Cat.    June  14,  1916 

Ether.  Tracheotomy.  Laminectomy  before  any  records  were  taken,  but 
the  dorsal  nerve  roots  were  not  divided  at  first. 

Fluid  introduced  into  stomach  through  a  stomach  tube.    Approximately  i 
molecular  solution  of  sodium  chloride  was  used. 
12.40  a.m.  100  cc.  fluid  injected.    Left  rectus  abdominis  muscle  prepared. 

12.44  a.m.  100  cc.  fluid  injected. 

12.45  a.m.  100  cc.  fluid  injected.    See  figure  1. 
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12.51  ajn.  100  co.  fluid  injected. 
12.54  a.m.  100  cc.  fluid  injected. 
12.56  a.m.  100  cc.  fluid  injected. 
12.58  ajn.  100  cc.  fluid  injected. 

1.00  p.zn.    84  CO.  fluid  injected. 

Note.  The  fluid  was  observed  to  flow  into  the  stomach  during  inspiration, 
and  to  remain  stationary  in  the  burette  or  to  flow  in  more  slowly  at  other  times. 
The  pressure  at  which  the  flow  into  the  stomach  ceased  was  37  cm. 

As  we  desired  to  test  out  the  reactions  of  the  same  animal  after  sec- 
ition  of  the  dorsal  nerve  roots,  the  end  of  the  stomach  tube  was  de- 
pressed and  the  fluid  allowed  to  flow  out  of  the  stomach.  In  this  way 
about  470  cc.  of  the  784  cc.  injected  was  recovered  in  the  next  twenty- 
five  minutes.  The  flow  of  the  fluid  toward  the  end  was  faster  during 
expiration  than  at  other  times.  The  dorsal  roots  of  the  spinal  nerves 
were  then  exposed  from  the  second  thoracic  to  the  second  lumbar  seg- 
ment and  divided.  <rhe  animal  was  then  turned  on  its  back,  the  ap- 
paratus readjusted  and  the  introduction  of  fluid  into  the  stomach 
begun. 

1.55  p.m.  100  cc.  fluid  injected.  The  respiration  was  now  almost  wholly  dia- 
phragmatic, the  ribs  moving  only  a  little. 

1.57  p.m.  100  cc.  fluid  injected. 

1.58  p.m.  100  cc.  fluid  injected. 

1.59  p.m.  100  cc.  fluid  injected. 

2.01  p.m.  100  cc.  fluid  injected. 

2.04  p.m.  78  cc.  fluid  injected.  The  pressure  at  which  no  more  fluid  entered 
the  stomach  was  42  cm.  The  respiration  changed  rather  suddenly 
and  became  predominantly  costal,  the  movements  of  the  diaphragm 
decreasing  greatly.  The  lever  attached  to  the  rectus  abdominis 
now  rose.    See  figure  2. 

2.06  p.m.    50  cc.  fluid  injected.    Pressure  61  cm. 

2.07  p.m.    30  cc.  fluid  injected.    Pressure  72  cm. 
2.09  p.m.    17  cc.  fluid  injected.    Pressure  80  cm. 

Fluid  allowed  to  escape  from  stomach  by  mouth.  345  cc.  of  the  675  cc. 
escaped. 

At  autopsy  the  stomach  and  intestines  were  found  to  contain  saline, 
the  intestines  being  very  full. 

To  show  that  the  lengthening  of  the  rectus  abdominis  with  increase 
in  the  intra-abdominal  pressure  is  dependent  upon  centripetal  impulses 
over  the  afferent  nerves  from  the  abdominal  region,  we  repeated  the 
experiments  after  exposing  the  spinal  cord  and  dividing  the  dorsal 
roots  through  which  the  afferent  nerves  from  the  abdominal  muscles 
enter  the  spinal  cord.  These  nerves,  particularly  those  supplying  the 
rectus  abdominis,  in  the  cat  enter  through  the  lower  thoracic  roots. 
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Fig.  1. 


Fig.  2. 


Fig.  1.  The  upper  tracing  is  the  abdominal  respiration,  the  second  from  the 
top  the  thoracic  respiration,  and  the  lower  tracing  the  rectus  abdominis  muscle. 
Two  separate  amounts  of  fluid  of  100  cc.  each  were  introduced  into  the  stomach 
during  the  period  of  time  indicated  by  the  depression  of  the  signal  (lower  line), 
with  an  interval  of  about  one  minute  between  injections.  The  depression  in  the 
upper  tracing  indicates  an  increase  in  the  abdominal  girth.  The  abrupt  drops 
in  the  lower  tracing  indicate  a  lengthening  of  the  rectus  abdominis. 

Fig.  2.  The  order  of  the  tracings  is  the  same  as  in  figure  1.  The  dorsal  roots 
of  the  spinal  nerves  had  been  divided.  100  cc.  of  the  fluid  was  introduced  into 
the  stomach  during  the  period  indicated  by  the  depression  of  the  signal,  the 
slower  inflow  resulting  from  the  fact  that  the  stomach  wall  was  approaching  its 
limit  of  distention.  The  respiration  changed  rather  suddenly  from  a  predomi- 
nant abdominal  type  to  a  costal  type,  as  indicated  by  the  relative  magnitudes 
of  excursion  of  the  writing  points  of  the  two  tambours.  The  rise  in  the  curve 
of  the  rectus  abdominis  shows  that  the  muscle  is  no  longer  lengthening,  or  at 
least  not  lengthening  sufficiently  to  keep  pace  with  the  increase  in  stomach 
contents. 
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We  exposed  the  greater  part  of  the  thoracic  and  the  upper  part  of  the 
lumbar  region  of  the  spinal  cord,  cutting  all  the  dorsal  roots  on  either 
side.  The  skin  was  drawn  together  with  stitches,  the  animal  turned 
on  its  back,  and  all  the  adjustments  of  stethographs  and  writing  lever 
made  as  before.  When  the  fluid  was  introduced  directly  into  the 
stomach,  most  of  it  could  be  recovered  by  lowering  the  end  of  the 
tube  through  which  the  fluid  was  introduced,  and  the  same  animal 
could  be  used  to  show  the  deportment  of  the  rectus  abdominis  before 
and  after  division  of  the  ddrsal  nerve  roots.  We  were  not  so  suc- 
cessful in  recovering  the  fluid  from  the  peritoneal  cavity,  and  had  to 
confine  ourselves  to  one  experiment  on  each  animal  when  the  fluid  was 
introduced  through  a  hypodermic  needle  in  the  abdominal  wall. 

There  may,  at  first,  be  some  slight  passive  changes  in  the  length  of 
the  rectus  abdominis  muscle  after  division  of  the  dorsal  roots  of  the 
spinal  nerves  and  there  are,  of  course,  changes  in  the  abdominal  girth 
following  each  introduction  of  fluid  into  the  peritoneal  cavity,  but  the 
changes  in  the  rectus  abdominis  at  this  early  period  in  the  experiment 
are  neither  consistent  nor  typical  and  we  attribute  them,  in  part,  to  the 
passive  mechanical  changes  in  the  position  of  the  lower  ribs  through 
distension  in  the  abdominal  cavity.  These  passive  changes  consti- 
tute a  source  of  error  in  both  sets  of  experiments,  but  if  these  changes 
were  the  only  agencies  involved  in  the  lengthening  of  the  rectus  abdo- 
minis, the  curves  taken  before  section  of  the  dorsal  roots  of  the  spinal 
nerves  should  be  identical  with  those  taken  after  section.  They 
are  not,  however,  identical  as  wiU  be  seen  on  referring  to  figures  1  and 
2.  The  mere  fact  that  the  curve  shown  in  figure  2  was  made  when 
the  pressure  in  the  stomach  was  significantly  higher — 42  cip.  of  salt 
solution — than  when  the  curve  shown  in  figure  1  was  recorded  is  not 
the  reason  for  the  diflFerence  in  the  curves.  When  the  dorsal  roots  are 
intact,  the  rectus  abdominis  continues  to  lengthen  as  long  as  any  fluid 
enters  the  stomach.  When  the  dorsal  roots  are  divided,  the  curve  of 
the  rectus  abdominis  is  irregular,  and  for  the  greater  part  of  the  ex- 
periment, there  may  be  no  movements  of  the  muscle  lever  other  than 
those  dependent  upon  respiration.  When  the  intra-abdominal  pres- 
sure begins  to  rise,  the  curve  indicates  by  a  rise  that  the  muscle  is  no 
longer  lengthening,  or  at  least,  not  lengthening  sufficiently  to  compen- 
sate for  the  rise  in  intra-abdominal  pressure. 

The  pressure  at  which  the  flow  of  fluid  into  the  stomach  begins  to 
slow  down  or  stop  is  not  significantly  different  after  section  of  the  dor- 
sal roots  from  the  corresponding  pressure  observed  before  their  division. 
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Before  dividing  the  dorsal  roots,  the  flow  of  fluid  into  the  st<»nach 
stopped  when  the  pressiire  fell  to  37  cm.  of  salt  solution.  After  divi- 
sion of  the  dorsal  roots,  the  flow  of  fluid  into  the  stomach  slowed  down 
and  practically  ceased  when  the  height  of  the  column  fell  to  42  cm. 
But  the  maximal  distention  of  the  stomach  was  not  reached.  By 
increasing  the  pressiire  of  injection  until  the  height  of  the  coltmm  of 
fluid  reached  80  cm.,  97  cc.  more  fluid  entered  the  stomach.  One 
may  infer  that  the  dorsal  roots  of  the  thoracic  region  of  the  spinal 
cord  have  little  effect  on  the  pressure  at  which  the  walls  of  the  stomach 
begin  to  offer  resistance  to  the  further  entrance  of  fluid.  After  a 
second  withdrawal  of  the  fluid  from  the  stomach  and  division  of  both 
vagi  in  the  neck,  resistance  to  a  third  injection  of  fluid  was  first  mani- 
fested when  the  pressure  was  that  of  a  column  of  salt  solution  60  cm. 
high.  This  difference  in  pressures  may  have  been  due  to  the  undue 
distention  of  the  stomach  by  the  previous  high  pressm^  of  80  cm., 
and  not  to  the  vagotomy.  The  division  of  the  vagi  was  not  repeated 
in  any  other  experiment. 

Water  was  the  first  fluid  which  we  used  for  injecting  into  the  stom- 
ach, but  diuresis  was  so  free  that  it  was  necessary  to  close  the  urethral 
orifice  with  a  clamp  in  order  to  get  the  desired  degree  of  distention  of 
the  abdominal  walls.  We  next  tried  a  concentrated  solution  of  so- 
dium chloride,  on  the  theory  that  smaller  amounts  of  a  fluid  whose 
concentration  of  inorganic  salts  would  be  high  would  be  separated 
from  the  blood  by  the  kidneys,  than  when  water  was  injected  into  the 
stomach.  The  use  of  the  concentrated  salt  solution  was,  however, 
open  to  Some  objections.  At  autopsy,  the  mucosa  of  the  stomach  and 
intestines  was  much  inflamed.  The  presence  of  the  concentrated  so- 
dium chloride  in  the  intestine  also  induced  free  peristalsis.  The  j 
solution  of  sodium  chloride,  with  closure  of  the  anal  and  urethral 
openings  was  the  most  satisfactory  procedm*e. 

When  fluid  is  injected  directly  into  the  peritoneal  cavity,  the  curve 
of  elongation  of  the  rectus  abdominis  muscle  is  similar  in  all  respects 
to  that  obtained  when  fluid  is  injected  into  the  stomach,  after  section 
of  the  dorsal  roots  of  the  thoracic  nerves  as  well  as  when  these  nerve 
roots  are  intact.  When  the  dorsal  roots  are  intact,  the  fluid  may  enter 
the  abdominal  cavity  most  rapidly  during  expiration  after  the  cavity 
begins  to  fill  up.  The  rectus  abdominis  muscle  continues  to  lengthen 
sUghtly,  the  writing  point  of  the  lever  never  rising,  imtil  no  more  fluid 
enters  at  anything  like  normal  pressure,  the  pressure  of  injection  in  one 
experiment  rising  tmtil  the  column  of  fluid  was  83  cm. 
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The  limits  of  extensibility  of  the  abdominal  muscles,  as  inferred 
from  the  pressure  at  which  no  more  fluid  enters,  are  not  greatly  dif- 
ferent after  section  of  the  dorsal  roots.  In  one  experiment  in  which 
the  dorsal  roots  of  the  spinal  nerves  were  intact,  the  resistance  to  the 
entrance  of  more  fluid  into  the  peritoneal  cavity  appeared  when  the 
height  of  the  column  of  fluid  fell  to  54  cm.  That  is,  the  pressure  of  a 
column  of  salt  solution  more  than  54  cm.  high  was  necessary  to  force 
any  more  fluid  into  the  abdomen.  In  another  experiment,  after  sec- 
tion of  the  dorsal  roots,  the  first  resistance  to  the  entrance  of  more  fluid 
was  encountered  when  the  height  of  the  column  of  fluid  fell  to  45  cm. 
This  agrees  fairly  closely  with  the  pressure — ^36  cm.  to  42  cm.— at 
which  resistance  to  the  further  entrance  of  fluid  was  manifested  by  the 
stomach.  Neither  the  abdominal  wall  nor  the  stomach  withstood  a 
pressure  of  much  more  than  80  cm.  of  fluid  without  slowly  yielding, 
80  cm.  and  83  cm.  being  typical  measurements.  We  may  remark  in 
passing  that  it  is  the  muscular  wall  of  the  abdomen  which  limits  the 
amount  of  fluid  which  can  be  introduced,  and  not  the  skin.  In  one 
animal  in  which  the  needle  gradually  slipped  from  the  peritoneal 
cavity  out  through  the  muscle  wall  into  the  subcutaneous  tissue,  dur- 
ing the  process  of  distention  of  the  abdominal  cavity,  it  was  found  that 
a  relatively  enormous  volume  of  salt  solution  could  be  introduced  and 
the  posterior  part  of  the  animal  assumed  proportions  approximating 
those  of  a  football.  Three  liters  of  salt  solution  were  in  this  way 
introduced  into  a  young  cat  which  weighed  less  than  2  kgm.  before  the 
fluid  was  introduced  (fig.  3).  How  much  more  fluid  could  have 
been  introduced  we  do  not  know.  At  autopsy  the  subcutaneous  tissues 
resembled  a  mass  of  rather  thin  imperfectly  hardened  gelatine. 

A  point  of  some  interest  in  connection  with  the  mechanism  of  regu- 
lation of  the  respiratory  movements  came  out  in  these  experiments. 
Whereas,  normally  the  thorax  participates  actively  in  the  respiratory 
movements  of  the  cat,  it  was  noted  that  costal  respiration  ceased  after 
section  of  the  dorsal  roots  of  the  thoracic  nerves.  This  cessation  was 
not,  however,  due  to  any  permanent  paralysis  of  the  intercostal  muscles 
or  to  any  anatomical  injury  to  the  ventral  nerve  roots.  As  the  filling 
of  the  abdominal  cavity  proceeded  the  costal  respiration  was  gradu- 
ally resumed  and  at  the  close  of  the  experiment  was  the  only  type  of 
respiratory  movement  which  was  present.  We  may  mention,  also, 
that  when  the  dorsal  roots  of  the  cervical  nerves  are  divided,  leaving 
the  thoracic  roots  intact,  it  is  the  diaphragm  which  ceases  to  contract, 
while  costal  respiration  continues  uninterrupted. 
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We  do  not  know  the  central  mechanism  for  this  adjustment  of  the 
length  of  the  abdominal  muscles  to  the  changes  in  intra-abdominal 
pressure.  Evidence  has  been  adduced  (3)  that  some  degree  of  reflex 
tonus  of  the  skeletal  muscles  of  the  cat  persists  diu*ing  all  phases  of 


Fig.  3.  Upper  tracing  thoracic  respiration,  middle  abdominal  respiration  and 
lower,  rectus  abdominis.  At  the  time  of  injection  of  fluid  mto  the  subcutaneous 
tissues,  there  Is  an  increase  in  the  abdominal  girth,  as  shown  by  the  depression 
In  the  middle  tracing,  and  at  firet,  a  shortening  of  the  rectus  abdominis  suc- 
ceeded by  a  slight  lengthening. 
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spinal  shock,  and  that  a  part  of  this  mechanism  must,  therefore,  be 
purely  spinal.  But  a  purely  spinal  mechanism  does  not  seem  sufficient 
for  all  the  adjustments  which  occur.  The  change  from  diaphragmatic 
to  costal  respiration,  or  the  fading  out  of  the  diaphragmatic  contrac- 
tion and  the  concomitant  increase  in  the  depth  of  the  costal  r^pira- 
tion  almost  certainly  involve  a  central  mechanism  as  high  up  as  the 
medulla  oblongata.  We  are  inclined  to  regard  these  changes  in  length 
of  the  rectus,  and  probably  of  the  other  abdominal  muscles,  as  part  of 
the  respiratory  movements,  and  to  be  under  the  control  of  the  respira- 
tory nervous  mechanism. 

The  abdominal  muscles  may  be  regarded,  in  one  sense,  as  anti- 
gravity  muscles,  since  they  sustain  a  fairly  constant  weight  of  viscera 
whenever  the  animal  is  in  a  normal  posture  for  locomotion.  The  ques- 
tion arises  whether  their  postural  changes  are  dependent  in  any  degree 
upon  the  cerebellum.  We  hope  to  present  further  data  on  this  and 
other  questions  concerning  the  central  mechanism. 

We  beUeve  that  the  experiments  show  that  the  regulation  of  the 
length  of  the  abdominal  muscles  corresponding  to  the  increase  in  vol- 
imie  of  the  contents  of  the  abdominal  cavity  is  a  reflex  process  depend- 
ent upon  afferent  impulses,  and  that  it  falls  into  line  with  the  other 
known  instances  of  postural  activity  of  muscle  and  nerve.  We  may 
recall  here  Langley's  (4)  view  that  there  is  a  receptive  substance  in 
muscle  capable  of  causing  a  slow  contraction,  as  well  as  a  receptive 
substance  for  a  quick  contraction,  and  Lingle's  (5)  observations  on 
the  histological  appearance  of  striated  muscles.  In  whatever  phase 
the  excised  muscle  was  fixed,  Lingle  noticed  that  there  were  some  nuclei 
which  indicated  by  their  shape  that  the  cells  to  which  they  belonged 
were  partially  or  wholly  contracted,  while  other  nuclei  in  adjacent 
fibers  might  indicate  an  almost  complete  lack  of  such  contraction.  It 
seems  probable  that  the  abdominal  muscles,  which  normally  undergo 
considerable  changes  in  length  during  the  life  of  the  individual,  must, 
at  all  times,  have  some  fibers  in  a  state  of  contraction,  while  others  are 
partly  or  wholly  relaxed.  Variation  in  the  number  of  the  contracted 
fibers  might  be  expected  to  correspond  to  the  degree  of  passive  exten- 
sion of  the  muscles. 
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A  review  of  the  literature  on  the  ehemistrj'^  of  the  gastric  juice 
shows  that  the  findings  as  to  the  amount  of  amnaonia  and  the  views 
ae  to  the  origin  and  significance  of  this  ammonia  vaiy  greatly.  This 
discrepancy  in  findings  is  no  doubt  due  partly  to  the  difference  in 
character  of  material  analyzed  and  partly  to  the  different  methods  of 
analysis  used.  The  importance  of  the  analytical  method  which  is  used 
ig  clearly  shown  by  Folin  (9)  in  his  work  on  the  ammoaia  content  of 
the  portal  blood.  A  brief  sununary  of  some  of  the  work  on  gastric 
juice  ammonia  follows:  • 


OUBRYKIt 

PATK 

utTUott  or 

AHALTBJS 

HATSaUl.   DHD 

.-o.« 

Bidder  and 

1852 

Dog  with  gas- 

Trace     of     amtnontA 

Schmitt  (2) 

tric  fiatula 

found 

Bidder  and 

1852 

Man 

No  trace  found 

Schmitt  (2) 

Leo  (22) 

1892 

Schlaaing 

Man;    Ew^d 
meal 

Trace  of  NHi  in 
health.    More      in 

uremic  cases 

RoAeaheitD  (30) 

1892 

Schlosing 

Mah 

Trace      of     NH*     as 

NH4CL  Cornea 
from  gastric  iecre- 
lion  or  from  de- 
composition of  al- 
bumen* 

Martins  and  Lnt- 

1892 

Man 

NHi    found    only    as 

teake  (24) 

NH4CI  in  casei.  of 
uremia. 

Ewald  (7) 

1802 

Man 

NHi  found  in  50  per 
cent  of  cases  ejt- 
amined 
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OB8BBTBB 

DATS 

MBtBOD  or 

avalths 

MAnSIAL  UUO 

MMBXJVn 

Strauss  (36) 

1893 

Strauss 

Man;  gastric 
fistula  and 
gastric  dis- 
orders 

NHt  in  80  per  cent 
of  cases  examined 

Sticker  (35) 

1896 

Schlteing  and 

Man;        test 

NHt  in  gastric  juice 

Nessler 

meal 

comes  from  saliva 
or  from  decom- 
posed albimien  in 
stomach  disorders 

Salaskin  (31) 

1898 

Nencki-Zales- 
ki 

Dog;  stomach 
contents 

High  NHt  content 

Ncncki-Pavlov- 

1898 

Nencki-Zales- 

Dog;  stomach 

High  NHt  content 

Zaleski  (26) 

ki 

contents 

Horodynski-Sala- 

1898 

Nencki-Zales- 

Dog;  stomach 

High  NHt  content 

skin-Zaleski  (17) 

ki 

contents 

Reissner  (27) 

1903 

Dog  mth  Pav- 
lov pouch 

NHt  when  found 
comes  from  saliva 
or  from  decomposed 
albumen 

Sommcrfeld  (34) 

1905 

Man  with  gas- 
tric fistula 

No  trace  of  NHt 

Rosemann  (29) 

1907 

SchlOsing 

Dog;  esophag- 
eal fistula 

NHt  present  comes 
from  secretions  of 
stomach 

Zuni  (40) 

1910 

Man       after 
test  meals 

NHt  present;  more 
abundant  in  ma- 
lignancy. 

Wolf   and   Jung- 

1911 

Ewald  meal 

Soluble  protein  found 

haus  (39) 

increased  in  cases 
of  malignancy 

Carlson  (3) 

1915 

Folin-Nessler 

Dog;       Pav- 
lov pouch 

NHt  in  all  cases 

Carlson  (3) 

1915 

Folin-Nessler 

Man:  gastric 
fistula 

NHt  in  all  cases 

Carlson  (3) 

1915 

FoUn-Ncsslcr 

Man;  Rehfus 
tube 

NHt  in  all  cases 

In  an  effort  to  clear  up  some  of  the  points  of  difference  brought  out 
by  this  comparison  of  data  and  to  determine  more  accurately  the  fac- 
tors which  influence  the  ^mount  of  gastric  juice  ammonia,  this  experi- 
mental work  was  carried  out,  at  the  suggestion  of  Dr.  Carlson,  on 
normal  and  pathological  men  and  dogs.  The  work  is  an  attempt  to 
throw  further  light  on  the  following  questions: 
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1.  Is  ammonia  normally  excreted  from  the  blood  by  the  gastric 
mucosa? 

2.  Is  it  produced  in  part  by  deaminization  of  amino-acids  in  the 
gastric  mucosa? 

3.  Is  it  a  necessary  by-product  of  the  normal  secretion  processes  of 
the  gastric  mucosa? 

4.  Is  it  due  to  the  action  of  enzymes  or  the  HCl  on  the  gastric  juice 
proteins  or  on  the  mucous  surface? 

5.  Is  it  due  to  action  of  bacteria  in  the  stomach? 

6.  What  is  its  pathological  significance? 


The  ammonia  in  the  pure  gastric  juice  o 

/  normal  dogi 

r 

DOG 

MATERIAL 

H  H  g 

o  o  P 

NH«  IN  MOM.  PBB  100  OC. 

ATBEAOB 

Adorrr 

NO. 

Maxi- 
mum 

Mini- 
mum 

Ayot- 

Free 

Total 

1 

1  hour  before 

13 
14 
6 
6 
7 
4 
3 
3 
2 
3 
1 
2 
2 
2 
2 
2 
3 
3 
3 

5.0 
8.0 
6.0 
8.0 
5.0 
6.0 
5.0 
4.0 
2.5 
3.5 
2.5 
6.0 
2.5 
2.0 
3.0^ 
4.0 
2.0 
3.5 
6.0 
6.0 
5.0 
6.0 
6.0 
12.0 
12.0 

0.5 

0.5 

0.5 

2.0 

3.0 

2.5 

3.5 

2.5 

2.5 

1.5 

2.5' 

2.0 

2.5 

1.5 

2.0 

2.5 

1.5 

0.5 

2.0 

2.0 

3.0 

2.5 

2.0 

4.0 

8.0 

1.7 
2.1 
2.6 
5.0 
3.7 
4.0 
4.1 
3.3 
2.5 
2.8 
2.5 
4.0 
2.5 
1.75 
2.5 
3.25 
1.8 
2.8 
4.0 
4.4 
3.8 
4.2 
4.5 
8.7 
10.0 

0.000 

0.0996 

0.2596 

0.0045 

0.1029 

0.2881 

0.1029 

0.2685 

0.2679 

0.1845 

0.0729 

0.2361 

0.1995 

0.2644 

0.2829 

0.000 

0.1185 

0.3664 

0.1130 

0.1258 

0.3746 

0.000 

0.2280 

0.4220 

0.0093 

1  hour  after 

0.1708 

Second  hour  after 

0.2910 

2 

1  hour  before 

0  0205 

1  hour  after 

0.1466 

Second  hour  after 

0.2903 

3 

1  hour  before 

0.1993 

1  hour  after 

0  3054 

Second  hour  after 

0.3965 

4 

1  hour  after 

0.2393 

5 

1  hour  after 

0.1641 

6 

1  hour  before 

7 

fl  hour  after  injection 

0  3085 

8 

1  hour  before 

0.2989 

1  hour  after 

0.3209 

2  hours  after 

0  3554 

*1  hour  before ... 

0.0392 

1  hour  after 

0.1905 

2  hours  after 

0.4119 

9 

1  hour  before 

0.1840 

1  hour  after 

0.1813 

2  hoiu*s  after 

0  4247 

*1  hour  before 

0.0547 

1  hour  after 

0  2809 

2  hours  after 

0  4730 

*  5  gm.  NH4CI  were  added  to  the  regular  diet. 
t  Gastrin  injected. 
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THE  AMMONIA   OF  THE  GASTRIC  JUICE  OF  DOGS 

The  gastric  juice  used  in  these  determinations  was  collected  from 
the  accessory  stomach  pouch  prepared  according  to  the  method  of 
Pavlov.  The  collections  were  made  in  the  morning  for  an  hour  period 
before  feeding  and  for  hour  periods  after  feeding,  the  character  and 
amount  of  food  being  a  fixed  constant  during  the  entire  observation 
period.  The  method  of  collecting  the  juice  was  the  same  as  that  used 
by  Hardt  (15)  in  his  work  on  experimental  ulcers  in  dogs.  The  am- 
monia was  separated  from  the  fresh  juice  by  the  Folin  (8)  aereation 
method  and  the  amount  determined  by  the  Nessler  colorimetric 
method  as  modified  by  Gulick  (14).  The  results  on  normal  dogs  are 
summarized  in  table  1. 

This  table  shows  that  the  ammonia  content  of  the  pure  gastric 
juice  of  normal  dogs  varies  greatly  in  different  dogs  and  in  the  same  dog; 
at  different  times.  These  findings  are  in  accord  with  those  recently 
reported  by  Carlson  (3).  In  dogs  that  were  fed  a  protein  diet  there 
was  no  uniform  increase  in  ammonia  content  during  the  digestion 
period  even  in  secretions  collected  from  four  to  seven  hours  after  feed- 
ing. When  small  amoimts  (5  gram)  of  NH4CI  were  added  to  the 
protein  diet  there  was  an  increase  in  the  ammonia  content  in  most 
cases.  This  increase  was  usually  most  marked  diuing  the  second  and 
third  hour  after  feeding. 

THE  AMMONIA   IN  THE   GASTRIC   JUICE   OP  DOGS   WITH   VARIOUS   PATHO- 
LOGICAL  CONDITIONS 
TABLE  2 
The  ammonia  in  the  gastric  juice  of  pathological  dogs 


NO.  or 

NHa  IN  MOM.  PBB  100  CO. 

AODITT 

DOO  ITO. 

MATBRIAL. 

OB8BB- 

VATION8 

Maxi. 
mum 

Mini- 
mum 

Aver- 
BSe 

Free 

Total 

10 

Hunger  juice 

2 

4.0 

0.5 

2.2 

0.2630 

0.3336 

Distemper   (snif- 
fles) 

11 

Hunger  juice 

4 

0.5 

0.2 

0.3 

0.3190 

0.3992 

Pancreatectomy 

12 

Hunger  juice 

1 

16.0 

16.0 

16.0 

Pancreatectomy 
plus  acute  gas- 
tritis 

13 

Hunger  juice 

4 

3.0 

1.5 

2.1 

0.1595 

0.2325 

Splanchnics  cut 

14 

Hunger  juice 

5 

48.0 

3.0 

27.0 

0.2771 

0.4048 

Ulcer  in  pouch 

15 

Hunger  juice 

7 

32.0 

12.0 

20.0 

0.1230 

0.2278 

Ulcer  in  pouch 

Second  hour 

9 

36.0 

12.0 

19.0 

0.2535 

0.3319 

Third  hour 

3 

40.0 

18.0 

26.0 

0.3326 

0.4310 
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At  autopsy  Dog  12  showed  a  very,  hyperemic  gastric  mucosa  but  no 
definite  ulcer.  Dog  14  was  used  by  Mr.  L.  L.  Hardt  (15)  in  work  on 
experimental  gastric  ulcer.  On  the  first  day  of  observation  the  total 
acidity  was  0.3144  per  cent  and  the  NH«  content  3  mgm.  per  100  cc. 
of  juice.  Three  days  later  the  dog  showed  signs  of  distemper  and  re- 
fused to  eat.  The  acidity  at  that  time  was  0.4174  per  cent  and  the 
NHs  content  24  mgm.  Juice  collected  one  hour  before  death  showed 
an  acidity  of  0.3921  per  cent  and  an  NHs  content  of  48  mgm.  At 
autopsy  a  definite  ulcer  was  found  in  the  Pavlov  pouch. 

Dog  13  also  wa«  used  by  Mr.  L.  L.  Hardt  in  his  gastric  ulcer  work. 
The  first  determinations  thirty-two  dajrs  before  deaUi  showed  a  total 
acidity  of  0.3644  per  cent  and  an  NHj  content  of  12  mgm.  per  100  cc 
of  juice.  Several  days  before  being  killed  this  dog  refused  to  eat  and 
from  that  time  on  there  was  a  progressively  increasing  NHj  content 
while  the  acidity  remained  at  the  same  level.  The  day  of  death  the 
total  acidity  was  0.4310  per  cent  and  the  NHs  content  was  40  mgm. 
At  autopsy  the  Pavlov  pouch  showed  a  distinct  almost  healed  ulcer  but 
no  other  lesions  could  be  found. 

THE  AMMONIA  IN  THE  GASTRIC  JUICE  OF  NORMAL  MEN 

The  gastric  juice  used  in  these  determinations  was  collected,  except 
from  Mr.  V.,  the  gastric  fistula  case,  by  means  of  the  Rehfus  (28) 
stomach  tube.  Three  collections  were  usually  made:  first,  the  empty 
stomach;  second,  one-half  hour  of  continuous  secretion;  third,  one 
hour  after  taking  an  Ewald  meal  consisting  of  two  pieces  of  dry  toast 
and  200  cc.  of  distilled  water.  The  determinations  were  made  on 
samples  from  these  collections  by  the  method  described  above,  except 
that  in  the  Ewald  meal  collection  a  filtration  was  necessary  before 
aereation  could  be  satisfactorily  accomplished.  The  findings  for  nor- 
mal gastric  juice  are  given  in  table  3. 

All  of  these  men  were  to  the  best  of  their  knowledge  in  perfect 
health  and  all  except  V.  and  C.  used  the  Rehfus  tube  on  themselves 
almost  daily  in  another  line  of  experiments.  A  comparison  of  these 
results  with  the  results  found  in  normal  dogs  shows  similar  varia- 
tions, but  the  findings  are  somewhat  higher  in  man.*  In  each  case 
the  Ewald  meal  juice  shows  the  highest  acidity  and  the  lowest  ammonia 
content. 
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TABLE  3 
The  ammonia  in  the  gastric  juice  of  normal  men 


INDXYtDUAL 


Mr.  V. 
Mr.  D. 
Mr.  H. 


Mr.  M.... 
Dr.  E... 
Mr.  L.  D. 


Mr.  L.  H. 
Dr.  C. .   . 


■::::{ 


MATERIAL 

NO.  or 

OBS. 

rRBS 

Acroirr 

TOTAL 
ACXDITT 

VH» 

per  cent 

pereetU 

Hunger  juice 

3 

0.1643 

0.2285 

0.5 

Continuous  juice 

4 

0.2914 

0.3826 

3.5 

Appetite  juice 

4 

0.3642 

0.4106 

2.5 

Hunger  juice 

5 

0.0228 

0.0729 

12S> 

Hunger  juice 

6 

0.1897 

0.2380 

9.0 

Continuous 

6 

0.1979 

0.2371 

9.0 

Ewald 

6 

0.2152 

0.2544 

4.0 

Ewald 

3 

0.1826 

0.2006 

3.0 

Ewald 

3 

0.0738 

0.1322 

0.5 

Ewald 

2 

3.0 

Hunger  juice 

2 

0.0784 

0.1240 

3.0 

Ewald 

2 

0.2169 

0.2716 

1.5 

Hunger  juice 

3 

0.0273 

0.0547 

16.0 

Continuous 

4 

0.0000 

0.0474 

14.0 

Ewald 

3 

0.0064 

0.0711 

12.0 

THE   AMMONIA    IN   THE   GASTRIC   JUICE   OF   MAN   IN   QASTRO-INTESTINAL 

DISEASES 

Th3  gastric  jxiice  employed  in  this  work  was  collected  with  the 
ordinary  stomach  tube  from  individuals  with  gastric  disturbances. 
The  collections  were  made  in  the  morning:  first,  aspiration  of  the 
empty  stomach;  second,  aspiration  one  hour  after  taking  an  Ewald 
test  meal  consisting  of  two  pieces  of  bread  and  200  cc.  of  water.  The 
ammonia  in  these  samples  was  determined  by  the  method  described 
above.  Observations  were  made  in  some  of  the  individuals  at  the  time 
of  entrance  into  the  hospital  and  in  others  after  they  had  been  on  the 
ulcer  treatment  as  outlined  by  Sippy  (33)  for  a  short  time.  Table  4 
shows  the  average  result  of  the  findings  with  the  probable  or  definite 
diagnosis  in  each  individual  case. 

In  all  cases  except  one  (22)  the  acidity  of  the  Ewald  meal  juice  ex- 
ceeded the  acidity  of  the  plain  aspiration  juice  but  the  ammonia  con- 
tent had  no  constant  relation  to  the  acidity  and  was  not  altered  by  a 
long  stay  in  the  hospital  under  treatment.  All  patients  who  had  a 
relatively  high  NHj  content  for  a  period  of  several  days  were  found  to 
have  either  an  ulcer  or  a  carcinoma  of  the  stomach. 
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TABLE  4 


The  ammonia  in  gastric  juice  of  man  in  gastrointestinal  disorders 


1.  Mr.  K.  Age  26.  Entered  on  April  29. 
Observed  from  May  9-26.  Diagno- 
sis, peptic  ulcer 

2r  Mr.  L.  Age  33.  Entered  April  12. 
Observed  from  May  9-13.  Diagno- 
sis, peptic  ulcer 

3.  Dr.    B.    Age    25.    Entered   April   20. 

Observed  from  May  9-11.  Diagno- 
sis, peptic  ulcer,  tooth  abscess 

4.  Mr.  N.    Age  31.     Entered  March  30. 

Observed  from  May  9-26.  Diagno- 
sis, peptic  ulcer,  alveolar  abscess. 
Roentgen  diagnosis,  duodenal  ulcer 

5.  Mr.   L.    Age  53.     Entered    April  14. 

Observed  from  May  17-29.  Diagno- 
sis, peptic  ulcer 

6.  Mr.    A.    Age    38.    Entered    May    10. 

Observed  from  May  13-31.  Diagno- 
sis, peptic  ulcer 

7.  Miss    B.    Age    21.    Entered    May    7. 

Observed  from  May  29-Jime  4.  Di- 
agnosis, peptic  ulcer 

8.  Miss   G.    Age   20.    Entered   May  23. 

Observed  from  June  2-4.  Diagno- 
sis, peptic  ulcer 

9.  Mr.    N.    Age    47.    Entered    June    1. 

Observed  June  7-9.  Diagnosis,  pep- 
tic ulcer 


10.  Mr.    A.    Age    31. 
Observed  June  7. 
ulcer 


Entered    Jime    1. 
Diagnosis,  peptic 


11.  Mr.  C.  Age  34.  Entered  May  13. 
Observed  June  8.  Diagnosis,  peptic 
and  duodenal  ulcers 


§1 

8S 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 
Ewald 


Aspiration 


Aspiration 


0.0552 
0.1744 


0.0350 
0.1906 


0.0301 
0.1960 


0.09260.1361 
0.19660.2766 


Free 


0.1221 
0.2655 


0.0847 
0.2703 


0.0637 
0.2507 


0.1319 
0.2079 


0.0636 
0.1527 


0.0136 
0.1857 


0.0781 
0.1230 


0.1558 
0.1851 


0.1882 


0.0683 


Total 


0.2227 
0.2779 


0.1798 
0.2267 


0.0637 
0.2534 


0.1209 
0.2506 


0.1955 
0.2698 


0.2585 


0.1321 


NHi 


1.1 
1.1 


1.0 
1.2 


1.2 
1.5 


2.2 
2.5 


0.5 
0.5 


1.7 
0.7 


05 
1.7 


0.5 
0.5 


0.6 
1.0 


1.5 


0.2 


410 


Digitized  by 


Google 


TABLE  4— Continued 


12.  Mr.    K.    Ago    23.     Entered    May   27. 

Observed  June  7.  Diagnosis,  peptic 
ulcer 

13.  Mr.    R.    Age   46.     Entered   May   24. 

Observed  May  26.  Diagnosis,  peptic 
ulcer 

14.  Mr.  S.    Age  42.    Entered  May  13.    Ob- 

served May  26-30.  Diagnosis,  pep- 
tic ulcer  with  obstruction.  Gastro- 
enterostomy, ulcer  found 

15.  Mr.  G.    Age   27.     Entered   June    15. 

Observed  June  16.  Diagnosis,  peptic 
ulcer 

16.  Mr.    C.    Age  32.    Entered    June    15. 
•  Observed  June  16.    Diagnosis,  peptic 

ulcer 

17.  Mr.   H.    Age    35.     Entered  June   16. 

Observed  June  16.  Diagnosis,  peptic 
ulcer 

18.  Mr.   M.    Age    21.     Entered  June   16. 

Observed  June  17.  Diagnosis,  peptic 
ulcer 

19.  Mr.    P.    Age   46.     Entered    June    15. 

Observed  June  17.     Diagnosis,  tabes 

20.  Mr.    E.    Age    20.    Entered    April    8. 

Observed  May  17.  Diagnosis,  tu- 
berculosis of  bronchial  glands 

21.  Mr.    F.    Age    66.    Entered    June    7. 

Observed  June  8.  Diagnosis,  car- 
cinoma of  stomach 

22.^Mrs.  B.  Age  42.  Entered  April  28. 
Observed  May  9-20.  Diagnosis, 
carcinoma  of  stomach,  confirmed  l)y 
operation 

23.  Mrs.  M.  Age  59.  Entered.  Observed 
July  7.  Diagnosis,  carcinoma  of 
stomach 


SP 


Aspiration 


Aspiration 


Aspiration 


Ewald 


Ewald 


Ewald 


Ewald 


1      Ewald 


Ewald 


Ewald 


Free 


0.1532 


0.0820 


Total 


0.2416   4.0. 


NH« 


0.00 


0.1750 


0.1641 


0.1732 


Aspiration 
Ewald 


4      Aspiration 


0.1321 


0.1180 


0.2744 


0.2452 


0.2981 


6.0 


16.0 


12.0 


1.0 


2.0 


0.09850.2353   3.0 


0.1167 


0.2170 


0.00 


0.0408 
0.0121 


0.00 


0.3054 


0.2735 


0.0695 


0.0788 
0.0321 


0.0604 


12.0 


1.5 


1.0 


4.9 
4.6 


13.0 
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THE    INFLUENCE    OP    VARIATIONS    IN    THE    DIET    ON   THE    AMMONIA    OP 

GASTRIC  JUICE 

In  order  to  determine  some  of  the  factors  that  influence  the  NHj 
content  of  the  gastric  juice  a  series  of  experiments  was  conducted  on 
one  of  the  normal  individuals  (Mr.  H.),  who  showed  a  constant  high 
NH3  content.  During  these  experiments  the  gastric  juice  was  col- 
lected twice  each  morning  before  breakfast.  The  stomach  was  first 
emptied  with  the  Rehfus  tube,  then  washed  thoroughly  with  distilled 
water  and  emptied  again..  A  second  collection  was  made  after  one- 
half  an  hour  of*  continuous  secretion.  The  free  and  total  acidity  and 
the  NH3  content  of  both  collections  were  then  determined.  In  order 
to  determine  the  relation  of  the  NH3  content  of  the  gastric  juice  to  the 
NHs  content  of  the  urine,  determinations  of  the  NHj  content  and  of 
the  total  N  of  the  urine  were  made  on  the  total  urine  for  each  day. 
The  NH3  of  the  urine  was  determined  by  the  method  described  above 
and  the  total  N  was  determined  by  the  Kjeldahl-digestion-distillation- 
titration  method. 

In  the  first  experiment  the  diet  was  so  arranged  that  there  was  a 
p^iod  of  high  protein  and  a  period  of  low  protein  ingestion.  In  the 
second  experiment  the  diet  was  kept  uniform  but  during  certain  periods 
an  excess  of  base-  or  of  acid-forming  radicals  was  added  in  water 
solutions.  The  base-forming  radicals  were  increased  by  using  the 
treatment  for  gastric  ulcer  as  outlined  by  Sippy  (33).  The  acid- 
forming  radical  was  increased  by  adding  phosphoric  acid,  which  is  a 
normal  constituent  of  the  protein  molecule.  The  complete  results  of 
the  two  experiments  are  recorded  in  tables  5  and  6. 

The  low  protein  diet  consisted  of  potatoes,  rice,  fruit,  cream  and  a 
small  amoimt  of  bread.  There  were  no  noticeable  83anptoms  during 
the  period  of  ingestion  of  this  diet. 

The  high  protein  diet  consisted  almost  wholly  of  meats — ^fish,  steak, 
Uver,  sweetbreads,  etc.  with  a  small  allowance  of  bread.  No  fats 
were  ingested.  The  symptoms  during  this  period  were  very  noticeable; 
first  day,  nothing  noticeable;  second  day,  easily  fatigued  on  exertion; 
third  day,  easily  fatigued  on  sUght  exertion,  joints  and  muscles  aching, 
could  work  only  a  short  time  without  rest.  On  this  day  the  urine  con- 
tained many  uric  acid  crystals;  fourth  day,  symptoms  of  third  day 
more  pronounced.  Very  sjgepy  and  depressed.  Urine  contained  a 
heavy  precipitate  of  uric  acid. 

These  symptoms  cleared  up  quickly  when  the  mixed  diet  was  re- 
sxuned.    The  absolute  increase  or  decrease  in  the  urinary  NHj  follow- 
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TABLE  5 

The  infltience  of  variation  in  yrotein  content  of  diet  on  the  ammonia  of  the  gastric 

juice 


OASTRXC  JUICB 

T7BINB 

DATB 

Addity 

NH. 

Volume 

Total  N 

Total  NHs 

NHa 

Froe 

Total 

Ordinary  diet 


July  10. 
July  11. 


mom. 

0.0638 

0.1094 

16 

800 

4.1664 

320.0 

0.0665 

0.1020 

16 

650 

3.736 

202.5 

per  cent 

7.69 
7.83 


Low  protein  diet 


July  12 
July  13 
July  14 
July  15 


0.1066 

0.1713 

8 

680 

3.843 

258.4 

0.1148 

0.1494 

7 

610 

4.833 

129.6 

0.1531 

0.2078 

5 

1620 

5.493 

162.0 

0.2598 

0.2871 

3.5 

760 

6.719 

243.0 

6.71 
2.66 
3.71 
3.62 


Ordinary  diet 


July  16 
July  17 
July  18 
July  19 
July  22 


0.0337 

0.0820 

12 

960 

10.666 

384 

0.1395 

0.2033 

12 

680 

9.203 

380.8 

^.1021 

0.1349 

14 

895    ' 

11.335 

319.2 

0.0729 

0.1258 

16 

1080 

11.83 

361.8 

0.1303 

0.1740 

10 

990 

9.41 

356.4 

3.60 
4.13 
2.81 
3.06 
3.78 


High  protein  diet 


July  23 
July  24 
July  25 
July  26 


0.1167 
0.1395 
0.1003 
0.1321 


0.1659 
0.1851 
0.1413 
0.1658 


10 
29 
24 
26 


1155 
1420 
1530 
1510 


19.36 
24.54 
27.86 
24.04 


369.6 
426.0 
550.8 
815.0 


1.905 
1.734 
1.977 
3.388 


Ordinary  diet 


July  27 
July  28 
July  29 


0.0656 
0.0747 
0.0638 


0.1002 
0.1148 
0.1003 


19 
12 
10 


1110 
1500 
1365 


14.02 
9.91 
9.86 


799.2 
600.0 
435.0 


5.970 
6.053 
4.411 


Digitized  by 


Google 


414 


HARRY   L.    HUBER 


ing  increase  or  decrease  in  the  protein  content  of  the  diet  is  more 
marked  than  is  usually  observed.  We  are  unable  to  give  a  satisfactory 
explanation  for  this  variation. 

TABLE  5 
The  inflitence  of  variations  in  acid  and  basic^adical  content  of  diet  on  the  ammonia 

of  gastric  juice 


DATE 

GASTRIC  JUICB 

URINE 

DIET 

Acidity 

i 

Volume 

Total  N 

Total 
NH« 

NHi 

Free 

Total 

per  ctnt 

August 

15 

0.0610 

0.1003 

16 

800 

9.576 

394.32 

4.11 

^Ordinary  diet 

August 

16 

0.0182 

0.0547 

14 

1000 

11.599 

448.8 

3.87 

August 

17 

0.0783 

0.1211 

10 

1215 

9.460 

427.6 

4.52 

^Ordinary  diet  plus 

Alkali.    Per  day: 

August 

18 

0.1368 

0.1687 

10 

1570 

8.715 

415.6 

4.76 

^   gr.    calcined 

August 

19 

0.1185 

0.1659 

10 

1715 

9.24 

429.0 

4.64 

Mg.;  150-300  gr. 

August 

20 

0.1832 

0.2260 

9 

1705 

8.21 

351.0 

4.27 

NaHCO,;  75  gr. 

August 

21 

0.0939 

0.1349 

10 

1470 

8.448 

237.0 

2.80 

•bismuth  subcar- 

Augxist 

22 

0.1686 

0.1956 

12 

2035 

8.632 

105  4 

1.22 

bonate;   BiiOi- 

August 

23 

0.0519 

0.0820 

14 

1365 

8.738 

40.2 

0.46 

COAO 

August 

24 

0.0747 

0.1048 

12 

1220 

8.569 

106.75 

1.24 

August* 

25 

0.0620 

0.0866 

12 

1260 

10.900 

146.28 

1.34 

August 

26 

0.1777 

0.2296 

10 

1530 

15^492 

432.32 

2.98 

Ordinary  diet < 

August 

27 

0.0547 

0.0866 

12 

2135 

10.259 

339.7 

3.31 

August 

28 

0.0865 

0.1138 

12 

1290 

9.476 

360.0 

3.97 

August 

29 

0.0912 

0.1185 

12 

1050 

10.574 

285.6 

2.70 

August 

30 

0.1003 

0.1413 

13 

1580 

11.336 

364.2 

3.21 

August 

31 

0.2006 

0.2325 

12 

1280 

9.873 

375.6 

3.79 

Ordinary  diet  plus 

acid.     Per    day : 
15  to  20  cc.  of  a 

September 
September 

1 
2 

0.1230 
0.1021 

0.1458 
0.1322 

9 
10 

1315 
1635 

9.336 
8.402 

333.6 
310.8 

3.48 
3.69 

4  per  cent  syrup 
of       phosphoric 

September 

3 

0.1641 

0.1987 

11 

1070 

7.179 

414.3 

5.77 

acid . : 

Ordinary  diet 

September 

4 

0.0838 

0.1157 

12 

1295 

9.590 

368.3 

3.83 

During  the  period  of  ingestion  of  a  large  excess  of  alkali  radicals 
there  were  no  noticeable  symptoms  but  the  total  acidity  of  the  urine 
was  greatly  diminished.    During  the  period  of  ingestion  of  excess  of 
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acid  radicals  there  was  a  feeling  of  discomfort  for  two  hours  after 
taking  each  dose.  No  other  symptoms  were  noted.  On  the  last  day 
of  this  acid-radical  ingestion  the  total  acidity  of  the  urine  was  markedly 
increased. 

In  all  of  the  work  on  normal  or  pathological  man  the  juice  collected 
frequently  contained  varying  amounts  of  bile  but  the  NHs  content  of 
these  samples  did  not  seem  to  be  influenced. 

THE  ABfMONIA  CONTENT  OF  THE   GASTRIC  MUCOSA 

Salaskin  (31),  Horodynski,  Salaskin  and  Zaleski  (17)  by  using  the 
Nencki-Zaleski  method  of  NHj  determination  found  a  high  percentage 
of  NHa  in  the  contents  and  mucosa  of  the  stomach  and  intestines  of 
animals.    As  the  presence  of  this  relatively  high  percentage  of  NH3 

TABLE  7. 
NHt  content  of  gastric  and  intestinal  mucosa  in  dogs.    Per  100  grams  fresh  mucosa 


DOO 

X 

IX 

m 

18 
0.50 
1.67 
5.25 

XV 

19 
0.46 
0.62 
1.40 
0.94 

V 

45 
0.22 
1.04 
5.22 
0.90 

8 

i 

AMOUNT 

FOUND  BT 

ZALE8KI- 

NENCKI 

AND 
PAVLOV 

Hours  without  food 

2 
0.60 
1.78 
1.2 
1.1 

15 
1.41 
2.65 
4.63 

0.64 
1.55 
3.54 
0.97 

NHi  mgm.  in  100  grams  cardiac  mucosa... 
NHs  mgm.  in  100  grams  pyloric  mucosa. . . 
NHs  mgm.  in  100  grams  fundus  mucosa. . . 
NHs  mgm.  in  100  grams  duodenal  mucosa. 

37.1-52.8 
23.0-41.7 

Nencki,  Pavlov  and  Zaleski  made  their  determinations  on  the  mucosa  from 
animals  that  had  been  fed  two  to  nine  hours  before  being  killed.  Horodynski, 
Salaskin  and  Zaleski  obtained  approximately  the  same  results. 

in  both  the  contents  and  mucosa  of  these  organs  suggested  a  connec- 
tion with  their  secretory  processes  some  NHs  determinations  were 
made  by  the  newer  methods  on  these  tissues  in  dogs.  *  Four  dogs  that 
had  been  fasted  from  fifteen  to  forty-five  hours,  and  one  that  had  been 
fed  only  two  hours  previously,  were  killed  by  bleeding.  The  stomach 
and  duodenum  were  immediately  removed,  opened  and  washed  thor- 
oughly with  distilled  water.  Eight  to  ten  grams  of  the  mucosa  was 
stripped  from  the  cardiac,  fundic  and  pyloric  regions  of  the  stomach 
and  from  the  duodenum,  and  these  portions  of  mucosa  were  pulver- 
ized in  a  mortar  with  purified  sea  sand.  These  pulverized  masses  were 
extracted  several  times  with  warm  distilled  water  which  was  sUghtly 
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acidulated  with  acetic  acid,  the  washings  for  each  portion  combined, 
boiled  for  five  to  ten  minutes,  and  filtered.  The  acid  filtrate  was 
evaporated  on  the  steam  bath  to  about  15-20  cc.  and  the  NHs  content 
determined  by  the  methods  described  above. 

DISCUSSION 

The  data  presented  above  shows  that  ammonia  is  a  constant  con- 
stituent of  the  gastric  juice  of  man  and  dog  and  that  the  amount 
foimd  varies  between  rather  wide  limits,  especially  in  man.  Many 
investigators.  Sticker  (35),  Sommerfeld  (34),  Reissner  (27)  and  others, 
have  contended  that  this  ammonia  has  its  origin  in  the  saliva  and 
Boldyreff  (1)  has  shown  that  the  duodenal  content  is  often  regurgi- 
tated into  the  stomach.  Strauss  (36),  and  more  recently  Carlson  (3) 
eliminated  one  or  both  of  these  possible  sources  of  contamination  by 
using  the  juice  collected  from  men  with  a  gastric  fistula  or  from  dogB 
with  a  Pavlov  stomach  pouch.  Their  work  showed  that  ammonia  was 
constantly  present  in  pure  gastric  juice.  Rosenheim  (31)  concluded 
that  the  ammonia  came  from  the  secretions  of  the  stomach  itself  as  it 
was  present  in  approximately  the  same  anaount  regardless  of  the  time 
of  test  or  state  of  digestion.  Rosemann  (29)  thought  that  the  am- 
monia must  be  a  product  of  cell  activity  as  it  was  in  higher  concen- 
tration in  the  gastric  juice  than  in  the  blood.  Zunz  (40)  found  by 
analyzing  stomach  contents  and  test  meals  that  there  was  no  relation 
between  the  amoimt  of  ammonia  and  the  state  of  digestion  or  the  con- 
centration of  the  hydrochloric  acid.  The  present  work  is  in  accord 
with  and  corroborates  these  findings  of  Strauss,  Carlson,  Rosenheim 
and  Zimz  and  shows  further,  that  the  ammonia  content  of  the  gastric 
juice  of  man  may  be  increased  or  dinoinished  by  varying  the  protein 
content  of  the  diet.  During  this  variation  in  diet  there  is  a  corre- 
sponding variation  in  urinary  ammonia.  Loeb  (23),  Schittenhelm  (32), 
Grammeltoft  (13)  and  others,  have  shown  that  urinary  ammonia  de- 
creases in  amount  during  the  height  of  gastric  secretion.  Although 
these  facts  seem  to  point  to  a  possible  relation  between  the  occurrence 
of  ammonia  in  the  urine  and  in  the  gastric  juice,  the  controlling  mechan- 
isms are  influenced  differently  by  at  least  one  factor,  i.e.,  the  inges- 
tion of  an  excess  of  acid-  or  base-forming  radicals.  In  this  case  the 
ingestion  of  an  excess  of  base-forming  radicals  causes  a  marked  de- 
crease in  urinary  ammonia  and  the  ingestion  of  an  excess  of  acid- 
forming  radicals  has  the  opposite  effect,  but  neither  of  these  has  any 
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efifect  on  the  amount  of  gastric  juice  ammonia.  It  was  also  noted 
that  in  man  during  a  period  of  fasting  lasting  from  twenty-four  to 
forty  hours  the  ammonia  content  of  the  gastric  juice  decreased  pro- 
gressively, but  that  during  the  height  of  absorption  of  a  mixed  or  pro- 
tein diet  in  dogs  there  was  no  corresponding  increase  except  in  some 
cases  where  NH4CI  was  added  to  the  diet.  However,  this  last  obser- 
vation is  not  altogether  trustwortny  as  Underbill  and  Goldschmidt  (37) 
have  found  that  ''the  ingestion  of  ammonixim  chloride  may  be  re- 
garded as  a  distinct  detriment  to  nutritional  rhythm"  and  they  beUeve 
that  anunonium  chloride  acts  as  a  stimulant  to  protein  katabolism. 

During  recent  years  much  work  has  been  done  on  the  fluids  origi- 
nating in  the  gastro-intestinal  tract  and  some  of  these  observations 
are  of  especial  interest  in  the  present  work.  It  has  been  shown  by 
different  workers  that  the  mucosa  of  the  alimentary  tract  may  act  as 
an  excretory  organ  for  such  substances  as  Fe,  Ca,  PO4,  Hg,  various 
pigments,  mono-saccharides,  etc.^  Voit  (38)  and  Hermann  (16)  were 
among  the  first  to  show  the  importance  of  the  nitrogen  content  of  the 
fluids  collected  from  the  alimentary  tract.  Corlette  (5)  concluded  that 
the  excretion  of  nitrogen  from  the  bowel  wall  did  not  vary  according 
to  general  metabolism  in  the  same  way  as  occurred  in  the  kidneyis. 
This  observation  is  in  accord  with  our  results.  Mosenthal  (25)  while 
studying  the  secretion  of  a  Thiry  fistula  of  the  lower  ileum  in  dogs 
estimated  that  the  total  nitrogen  secreted  by  the  small  intestine  varied 
between  225  to  607  per  cent  of  that  found  in  the  feces,  the  greater 
part  of  this  apparently  being  reabsorbed.  Of  this  nitrogen,  about 
1.5  to  3.25  per  cent  was  in  the  form  of  ammonia.  He  states  further  that 
the  intestine  has  at  least  three  functions,  namely;  excretory,  digestive 
including  absorption,  and  a  third,  that  of  forming  a  link  in  the  ''cir- 
culation" of  various  products,  such  as  nitrogen  or  the  bile  pigments. 
We  made  some  ammonia  determinations  on  juice  collected  from  a 
Thiry  fistula  of  different  parts  of  the  small  intestine  of  dogs  and  found 
that  the  ammonia  rAged  between  1.5  to  12  mgm.  per  100  cc.  of  juice. 

Another  point  of  interest  in  this  connection  is  the  observation  made 
by  Cohnheim  (4)  that  the  intestinal  mucosa  of  fishes  has  the  power  to 
deaminize  proteins.  However,  he  was  unable  to  extend  this  observa- 
tion to  mammals  although  Jacobi  (18)  and  Lang  (21)  had  shown  that 
tissue  extracts  of  the  intestine  were  able  to  deaminize  amino-acids. 

^The  occurrence  of  ulcers  in  the  duodenum  following  extensive  superficial 
bums  and  in  the  colon  in  the  late  stages  of  uremia  gives  further  evidence  of  this 
excretion. 
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In  Folin's  (12)  original  theory  of  protein  metabolism  the  assmnption  is 
made  that  the  intestinal  mucosa  has  the  power  of  deaminization. 
Abderhalden  favors  the  view  that  the  protein  molecule  is  broken  down 
completely  in  the  intestinal  mucosa.  Later,  Folin  (9)  concluded  that 
the  intestinal  mucosa  had  no  special  deaminizing  power  for  he  was 
able  to  show  that  the  ammonia  content  of  the  portal  blood  was  direc-tly 
dependent  on  the  putrefactive  processes  in  the  large  intestine.  Folin 
(10)  also  showed  definitely  that  there  is  an  absorption  of  protein  diges- 
tion products  by  the  stomach  mucosa.  It  should  be  noted  that  the 
workers  on  the  mechanism  of  intestinal  absorption  and  metabolism 
have  taken  into  account  only  those  products  found  in  the  efferent 
blood  or  lymph  vessels  and  have  neglected  altogether  those  products 
which  pass  back  into  the  lumen  of  the  intestine. 

There  are  certain  factors  which  speak  against  considering  the  gas- 
tric juice  anamonia  as  due  to  either  a  normal  secretory  or  excretory 
process.  Although  anamonia  is  constantly  found  in  all  samples  of 
normal  gastric  juice,  it  is  evident  that  the  mechanism  governing  the 
production  of  this  constituent  is  not  the  same  as  that  governing  the 
acid  or  pepsin  production,  for  the  concentration  of  the  ammonia  has 
no  relation  to  the  concentration  of  the  acid  or  pepsin,  and  there  seems 
to  be  no  relation  between  the  ammonia  and  the  amount  of  mucus.  The 
similar  variations  in  concentration  of  urinary  and  gastric  juice  anuno- 
nia  which  may  be  brought  by  varying  the  N-content  of  the  diet  seem 
to  point  to  an  excretory  process,  but  the  mechanisms  controlling  these 
processes  are  different,  for  the  urinary  ammonia  may  be  made  to  vary 
markedly  by  other  means  without  affecting  the  concentration  of  the 
gastric  juice  ammonia. 

Zunz  (40),  working  on  stomach  contents  and  test  meals,  showed  that 
in  some  pathological  cases  the  ammonia  nitrogen  was  appreciably  in- 
creased but  he  was  imable  to  account  for  this  increase.  A  few  years 
before  Emerson  (6)  demonstrated  an  enzyme  in  malignant  growths 
which  was  capable  of  spUtting  protein  beyond  the  albmnose  stage. 
Jacque  and  Woodyatt  (19)  also  showed  that  carcinomatous  stomach 
contents  had,  in  88  per  cent  of  cases  examined,  a  peptolytic  power 
two  to  ten  times  the  maximum  seen  in  benign  conditions  and  suggest 
that  a  part  of  this  is  due  to  bacteria,  as  the  degree  of  proteolysis  was 
lowered  somewhat  by  filtration  through  a  Berkefeld  filter.  Folin,  as 
was  noted  above,  showed  a  definite  relation  between  ammonia  content 
of  the  portal  blood  and  bacterial  decomposition  in  the  large  intestines. 
Recently,  Burgett  has  isolated  a  fairly  constant  flora  from  the  pure 
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gastric  juice  of  Mr.  V.,  the  gastric  fistula  case.  Kendall  and  Fanner 
(20)  have  reported  that  many  bacteria  have  a  deaminizing  power  which 
is  exercised  to  a  marked  degree  if  carbohydrate  is  lacking  or  small  in 
amoimt. 

It  seems  then  that  enzymatic  or  bacterial  action  on  the  stomach 
mucosa  or  on  the  gastric  juice  may  be  responsible  for  some  of  the 
ammonia  found  in  the  gastric  juice  in  some  cases,  but  the  constancy 
of  the  ammonia  content  of  the  fresh  juice  of  normal  man  and  dog 
speaks  against  this  as  the  sole  or  principal  origin. 

The  diagnostic  significance  of  a  high  content  of  ammonia  in  the 
gastric  juice  in  cases  of  ulcer  or  gastric  cancer  is  made  questionable 
by  the  finding  of  an  equally  high  content  in  the  juice  of  some  appar- 
ently normal  individuals. 

It  was  observed  that  some  of  these  cases  (hospital  patients  and 
sick  dogs)  with  high  ammonia  values  showed  a  marked  cachexia.  Ob- 
servations are  being  made  to  determine  whether  any  relation  exists 
between  cachexia,  acidosis  and  the  ammonia  content  of  the  gastric 
juice.  Folin's  (11)  new  method  of  NHj-determinations  by  direct 
Nesslerization  is  being  used  in  this  work. 

CONCLUSIONS 

1.  Ammonia  is  normally  found  in  small  amounts  in  the  gastric 
juice  of  man  and  dog. 

2.  The  amount  of  ammonia  in  the  pure  gastric  juice  of  man  varies 
markedly  in  different  individuals.  It  is  increased  by  high  protein  diet, 
and  by  the  addition  of  ammonium  salts  to  the  food. 

3.  The  fundic  mucosa  contains  the  most  ammonia,  the  pyloric  mu- 
cosa is  next  in  order,  while  mucosa  of  the  cardiac  end  of  the  stomach 
contains  the  least  ammonia.  The  duodenal  mucosa  contains  less 
ammonia  than  the  fimdic  mucosa. 

4.  In  certain  pathological  conditions  (especially  gastric  ulcer  and 
cancer)  the  amount  of  ammonia  in  the  gastric  juice  is  definitely  in- 
creased, but  this  increase  may  not  be  greater  than  that  foimd  persist- 
ently in  certain  normal  individuals. 

5.  Our  results  indicate  that  the  origin  of  the  gastric  juice  ammonia 
is  a  complex  one.  Some  of  the  ammonia  is  evidently  excreted  from 
the  blood,  and  this  factor  depends  on  the  concentration  of  the  am- 
monia in  the  blood.  Part  of  the  ammonia  represents  deaminization 
processes  in  the  gastric  mucosa,  and  these  in  turn  depend  on  the  quan- 
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tity  of  protein  in  the  food.     The  possible  rdle  of  the  gastric  flora  has 
not  been  eliminated. 

Note. — I  wish  to  thank  Drs.  Carlson  and  Koch  for  their  many  help- 
ful suggestions,  also  members  of  the  university  laboratories  and  of  the 
different  hospital  staflFs  for  their  cooperation  in  obtaining  samples  of 
gastric  juice. 
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VI.   DIFFERENCES  IN    LATENT    PERIOD   AND    FORAI  OF 
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It  has  been  shown  in  a  recent  paper  that  strips  of  muscle  cut  from 
diflferent  parts' of  the  wall  of  the  manunalian  stomach  vary  markedly 
in  their  tendencies  to  rhythmic  contraction,  and  in  the  forms  of  the 
curves  obtained  (1).  Similar  differences  were  fomid*in  the  behavior 
of  circular  slrips  from  the  cardiac  and  pyloric  regions  of  the  frog's 
stomach.  Marked  variations  were  found  also  in  the  irritability  and 
latent  period  when  different  parts  of  the  stomach  were  stimulated 
with  the  same  strength  of  current  (2). 

The  question  now  arises,  what  is  the  origin  of  these  differences? 
Are  there  peculiarities  of  structure  and  metabolism  behind  them, 
and  if  so,  are  they  in  the  muscle,  in  the  nerves,  or  in  both?  The  fact 
that  the  strips  would  often  beat  better  on  the  second  or  third  day  after 
excision  than  on  the  first,  and  that  they  would  show  some  rhythmicity 
even  after  five  days,  made  it  hard  for*  me  to  accept  Magnus'  view  that 
the  rhythm  is  dependent  upon  Auerbach's  plexus  (3).  Although  the 
myenteric  nerve  cells  are  peculiarly  resistant  (4),  one  can  hardly  im- 
agine their  functional  capacity  increasing  forty-eight  to  seventy-two 
hours  after  death.  It  seems  probable  enough  that  the  nerve  net  r^u- 
lates  and  profoundly  influences  the  muscle,  but  recent  work  on  the 
cultivation  of  tissues  has  shown  conclusively  that  it  is  not  essential 
to  the  institution  of  rhythmic  contraction.  Muscle  cells  will  beat  in 
the  test  tube  when  there  can  be  no  question  as  to  the  absence  of  nerv- 
ous tissue  (5).  Recently  Gunn  and  Underbill  (6)  have  repeated 
Magnus'  work,  and  have  obtained  rhythmic  contractions  in  strips  from 
which  it  would  seem  certain  that  all  remnants  of  the  plexus  had  been 
removed.    Their   pharmacological   studies,    using   nerve-ending   and 
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muscle  stimulants  at  var3dng  intervals  after  the  removal  of  the  strips 
showed  that  the  muscle  lost  its  rh3rthmicity  when  it  seemed  to  die, 
that  is,  when  it  no  longer  reacted  even  to  barium  chloride.  This  was 
usually  after  four  or  five  days.  It  would  seem  best,  then,  to  look  for 
peculiarities  in  the  muscle  itself,  peculiarities  that  would  explain  the 
different  behavior  of  the  strips  from  the  different  regions. 

The  rate  of  rhythmic  contraction  seems  to  be  suited  to  the  metab- 
olism of  the  muscle.  As  Woodworth  says  (7),  "Both  activity  and  rest 
are  good  for  a  muscle.  If  the  pause  preceding  a  contraction  is  too 
short,  the  contraction  suffers  from  lack  of  recuperation.  If  it  is  too 
long,  the  contraction  suffers  from  what  we  may  perhaps  call  a  sort  of 
drowsiness.''  If  we  speed  up  the  metabolism  of  the  muscle  by  warm- 
ing it,  the  rate  of  rh3rthmic  contraction  is  increased;  and  with  artificial 
stimuli,  the  latent  period  is  shortened,  and  the  form  of  the  curve  greatly 
changed.  These  changes  are  well  shown  by  Stewart  (8).  They  prob- 
ably account  for  De  Zilwds  (9)  finding  that,  with  the  muscle  at  40**C., 
stimuU  had  to  follow  each  other  within  from  five  to  ten  seconds  if  sum- 
mation was  to  be  obtained.  At  25^C.  the  interval  could  be  twenty 
seconds  or  more.  Similarly,  Engelmann  (10),  while  stud3ring  the  ure- 
ter of  the  rabbit,  found  that  a  series  of  subliminal  stimuli  might  bring 
about  a  contraction  if  the  interval  between  them  was  not  too  great 
for  smnmation.  When  the  irritability  was  high  and  the  waves  were 
traveling  rapidly  down  the  ureter,  the  interval  had  to  be  shorter.  It 
had  to  be  shorter  also  when  using  the  lu^ter  of  the  rat,  as  there  the 
rate  of  the  waves  is  normally  faster  than  in  the  rabbit.  Woodworth 
(11)  found  that  the  smallest  interval  at  which  two  stimuU  can  come, 
so  that  the  effect  of  each  shall  show  separately  on  the  curve,  varies 
widely  in  stomach  strips  from  different  frogs.  It  seems  to  me,  from 
all  this,  that  when  we  find,  in  the  same  animal,  a  strip  of  duodenum 
contracting  twenty  times  a  minute  and  a  strip  of  ileum  contracting 
ten  times,  we  should  expect  to  find  a  more  active  metabolism  in  the 
one  than  in  the  other.  The  muscle  in  the  duodenum  may  be  differ- 
ent from  that  in  the  ileum,  much  as  the  pectoral  muscles  of  a  bird  are 
different  from  the  thigh  muscles. 

Ranvier  (12),  years  ago,  commented  upon  the  anatomical  differences 
in  smooth  muscle  from  the  aorta,  from  the  arterioles,  intestine,  bladder, 
uterus,  etc.  In  the  arteries  and  in  the  intestine  the  fibers  are  gen- 
erally quite  parallel;  in  the  bladder  of  the  frog  there  is  a  marked  retic- 
ulimi,  formed  by  the  interlacing  of  tiny  bundles  of  muscle.  McGill 
(13)  has  shown  that  there  persists  in  various  parts  of  the  digestive 


Digitized  by 


Google 


424  WALTER   C.   ALVAREZ 

tract  an  embryonic  type  of  smooth  muscle  which  can  be  recogniaed 
by  its  branching  fibers  and  syncytimn  formation.  Griitzner  (14) 
warns  ns  not  to  take  strips  from  the  region  of  the  pylorus  in  the  frog, 
because  he  says  the  fibers  are  not  parallel  there  but  interlace  diagonally. 
He  says  it  is  well  known  that  different  examples  of  smooth  muscles 
(from  different  animals  and  different  organs)  have  different  irritabili- 
ties, different  latent  periods,  and  forms  of  the  contraction  curve.  See 
table  on  page  56  of  his  article. 

Pompilian,  also,  (15)  found  big  differences  in  latent  period  and  dura- 
tion of  contraction  between  the  smooth  muscles  of  the  eye-tentacles 
and  those  of  the  foot  of  the  snail.  To  the  naked  eye,  the  tentacle 
muscle  is  paler  than  that  of  the  foot.  He  could  not  make  out  histolog- 
ical differences,  but  he  felt  they  must  be  there.  Lapicque  (16)  showed 
that  the  duration  of  stimulus  necessary  to  bring  about  a  contraction 
varies  markedly  in  different  examples  of  muscle  from  lower  animals. 
I  can  find  no  reference  to  differences  in  muscle  in  different  parts  of 
the  digestive  tube.  The  nearest  approach  to  it  is  the  opbiion  expressed 
by  some  writers  that  the  irregular  contractions  met  with  were  due  to 
an  interference  of  waves  originating  in  fibers  of  different  rhjrthmicity 
(17).  Thus,  in  the  esophagus  of  the  toad,  Bottazzi  (18)  found  that  the 
longitudinal  fibers  contract  more  frequently  than  do  those  of  the  cir- 
cular muscle. 

It  must  not  be  forgotten  that  there  may  be  physiological  differences 
also  in  the  nerves  associated  with  these  muscles.  Local  anatomical 
differences  in  the  nerve  net  have  been  commented  upon  in  previous 
papers  (19).  Carlson's  work  (20)  suggests  that  more  irritable  and 
rapidly  conducting  nerves  will  probably  be  found  in  connection  with 
the  quicker  muscles. 

It  was  this  Uterature  which  encouraged  me  to  look  for  differences 
underlying  the  big  differences  in  rhythmicity  which  I  have  found  in 
various  parts  of  the  digestive  tract.  I  wished  to  see  also  if  the  mus- 
cle strips  from  different  regions  would  retain  those  peculiarities  of 
irritabiUty,  latent  period  and  form  of  contraction  observed  in  the  in- 
tact stomach,  and  described  in  the  last  paper.  Work  was  done  first 
on  the  stomach  of  the  frog  on  account  of  its  simplicity.  Most  of  the 
writers  on  smooth  muscle  have  used  circular  strips  from  the  frog's 
stomach,  but  I  can  find  no  reference  to  differences  in  the  behavior  of 
strips  from  different  parts  of  the  organ.  The  middle  strip  has  genenJly 
been  used.  Schultz  (21)  says  he  used  pieces  from  a  Uttle  below  the 
middle,  and  his  tracings  show  that  they  must  have  come  from  the  upper 
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antrum.  It  should  be  explained  here  that  the  pyloric  end  of  the  frog's 
stomach  is  different  from  the  cardiac  end.  It  i^  firmer  to  the  touch; 
the  wall  is  thicker,  and  its  outer  surface  is  smooth  and  glistening. 

TECHNIC 

Narrow  strips  were  obtained  from  the  cardia,  the  middle  region,  and 
the  pyloric  antrmn.  Several  difficulties  had  to  be  overcome  before 
a  satisfactory  technic  could  be  worked  out.  Since  differences  have 
been  observed  in  the  behavior  of  strips  with  and  without  the  mucosa 
(22),  it  seemed  best  to  preserve  it  carefully  at  all  times  so  that  the  con- 
ditions would  be  more  comparable.  No  difficulty  was  encountered 
in  cutting  strips  from  the  cardiac  region,  as  the  mucous  membrane  is 
there  closely  adherent.  Near  the  pylorus,  however,  the  greatest  care 
had  to  be  taken  or  the  mucosa  would  slip  off  and  be  lost.  This  laxity 
of  the  submucosa  in  the  antrum  pylori  was  marked  in  the  higher  ani- 
mals also.  Most  of  the  rings  were  cut  with  a  razor,  and  then  carefully 
opened  out.  They  were  from  3  to  5  nmi.  wide.  Those  from  the  car- 
diac end  were  longest,  but  this  disparity  in  length  could  apparently 
be  disregarded,  as  the  cardiac  strips  reacted  the  same,  before  and  after 
being  trimmed  to  the  length  of  the  pyloric  ones. 

These  strips  were  suspended  in  a  moist  chamber  similar  to  that  de- 
scribed by  Porter  (23).  It  was  made  from  a  six  ounce  specimen  bottle 
lined  with  blotting  paper.  This  bottle  was  kept  in  a  water  bath  at 
19^C.  The  light  heart  lever  was  weighted  with  1  gram;  just  enough 
to  balance  the  preparation  and  to  keep  it  taut.  The  faradic  current 
was  used.  It  was  obtained  from  a  Harvard  Apparatus  Company's 
inductorium  (24)  with  one  dry  cell,  and  was  led  to  the  two  little  serre- 
fines  grasping  the  ends  of  the  strips.  E^ch  strip  was  stimulated  first 
with  the  secondary  coil  at  6  cm.  and  later  with  it  at  4  cm.  No  reactions 
could  be  obtained  with  the  coil  at  8  cm.  The  duration  of  the  stimulus 
was  about  one  second;  longer  with  the  weaker  current  and  more  slug- 
gish strips,  shorter  with  the  stronger  current  and  more  irritable  strips. 
Such  slight  differences  in  stimulation  did  not  seem  to  have  any  effect 
on  the  latent  period  or  upon  the  form  of  the  contraction  curve.  Some 
work  was  done  with  strong  make  and  break  induction  shocks.  Only 
the  break  seemed  to  have  any  effect,  and  this  was  much  less  marked 
than  that  of  the  tetanizing  current.  The  latent  period  was  longer 
with  the  single  shock,  but  otherwise  the  shapes  of  the  contraction  curves 
were  the  same.    Five  minutes  were  generally  allowed  between  each 
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stimulus  for  the  recovery  of  the  muscle.  It  was  foimd  later  that  this 
interval  might  have  to  be  longer  when  stud3ring  the  strips  from  the 
cardia,  and  that  it  might  be  much  shorter  for  the  antral  strips.  Cali- 
fornia frogs  were  used,  rana  draytonii  and  rana  temporaria.  As  was 
to  be  expected,  there  were  marked  individual  differences,  due  probably 
to  infection  with  parasites,  condition  of  the  reproductive  organs,  etc. 
The  poorest  strips  came  from  some  animals  that  were  left  over  night 
in  a  steam-heated  room.  Most  of  the  work  was  done  between  October 
and  January.  Better  results  were  obtained  in  six  frogs  studied  about 
May  1.  Their  stomachs  generally  contained  food,  and  they  were 
more  active  than  were  the  winter  frogs. 

LATENT  PERIOD 

Figure  1  represents  the  latent  periods  obtained  in  studying  strips 
from  the  two  ends  of  the  stomach  in  nineteen  frogs.  The  lines  con- 
nect successive  readings  on  the  same  strip.  The  first  and  third  colunms 
represent  figures  from  the  cardia;  the  second  and  fourth  represent  those 
from  the  antrum.  The  first  two  colunms  of  figiu-es  were  obtained  with 
the  secondary  coil  at  6  cm. ;  the  next  two  were  obtained  with  the  coil  at 
4  cm.  The  strips  were  always  stimulated  with  the  weaker  current  first, 
as  the  stronger  stimuli  often  seemed  to  injure  the  muscle. 

It  will  be  seen  at  a  glance  that  the  latent  period  was  longer  and  mOre 
variable  in  the  cardia  than  in  the  antrum,  and  this  was  true  for  both 
strengths  of  current.  The  widest  variations  were  seen  in  the  cardiac 
strips  when  stimulated  with  the  coil  at  6  cm.  A  number  of  factors 
may  have  been  active  in  bringing  out  these  differences.  In  the  first 
place,  the  cardia  seemed  to  suffer  much  more  from  the  trauma  of  ex- 
cision than  did  the  antrum.  Recovery  from  this  traiuna  was  seen  in 
the  progressive  shortening  of  the  cardiac  latent  periods  for  some  time 
after  attachment.  Typical  examples  of  this  are  shown  in  the  follow- 
ing table.    The  figures  represent  seconds. 

TABLE  1 

00  ;  4.2;  3.4;  2.7;  1.4;  spontaneous  contractions;  4.6 
00  ;  2.2;  2.3;  1.5 
00  ;  8.0;  4.0 

The  first  experiment  is  particularly  instructive,  as  the  strip  which 
at  first  failed  to  react  at  all,  after  25  minutes,  reacted  in  1.4  seconds. 
The  latent  period  of  the  corresponding  strip  from  the  antrum  was,  in 
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successive  tests,  4.8,  4.3,  and  4.0  seconds.  Here,  again,  improvement 
is  to  be  noted  but  it  is  not  so  marked  as  in  the  cardiac  strip.  In  a 
number  of  instances,  the  three  or  four  successive  tests  on  an  antral 
strip  gave  the  same  figure  for  the  latent  period.    This  is  shown  by 
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Fig.  1.  Latent  periods  of  cardiac  and  pyloric  muscle  strips  from  the  stomachs 
of  nineteen  frogs.  Ordinates  represent  seconds;  the  lines  connect  successive 
tests  on  the  same  strip. 

the  number  of  horizontal  or  nearly  horizontal  lines  in  the  second  and 
fourth  colimms  of  figure  1.  I  have  commented  elsewhere  on  a  similar 
diflference  in  vulnerability  between  segments  from  the  duodenum  and 
from  the  ileum  (25).    When  a  number  of  such  segments  are  put  into 
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warm  oxygenated  Ringer's  solution,  those  from  the  ileum  will  generally 
begin  beating  first,  and  they  will  stand  much  more  trauma  than  will 
the  more  sensitive  duodenal  segments. 

The  great  rhythmicity  of  the  cardiac  strips  interfered  considerably 
with  the  work.  In  the  first  place,  it  made  the  records  difficult  to  read 
on  account  of  the  changing  base  line,  and  at  times  it  was  hard  to  say 
whether  or  not  a  rise  after  stimulation  was  wholly  or  in  part  spontaneous. 
A  certain  refractoriness  often  appeared  with  the  onset  of  rhythmic  con- 
tractions. This  did  not  correspond  to  that  observed  with  heart  mus- 
cle, as  a  contraction  could  easily  be  superimposed  upon  any  part  of  a 
spontaneous  wave,  but  there  was  a  lowering  of  irritability  and  a  length- 
ening of  the  latent  period.  Returning  to  the  table,  it  will  be  seen  in 
the  first  protocol  that  the  appearance  of  rhythmic  movements  was 
followed  by  a  lengthening  of  the  latent  period  from  1.4  to  4.6  seconds. 
Sudden  alterations  in  irritability  often  gave  me  the  impression  that 
rhythmic  changes  were  going  on  in  the  muscle  although  there  were  no 
visible  contractions.  These  suspicions  have  been  strengthened  by 
Sttibers  (26)  observation  that  rhythmic  action-currents  can  be  obtained 
from  the  stomachs  of  birds  even  after  the  contractions  have  been 
inhibited. 

A  number  of  methods  were  tried  in  the  hope  of  stopping  the  rhythmic 
waves  without  interfering  with  the  irritability  of  the  strips.  Schultz's 
(27)  method  of  removing  the  mucous  membrane  and  soaking  in  atropin 
solution  was  tried  on  a  number  of  frogs,  but  it  seemed  to  injure  the 
cardiac  strips  more  than  it  did  the  antral  ones,  so  it  could  not  be  used. 
Sometimes  th^  movements  could  be  inhibited  by  a  series  of  subliminal 
stimuli.  The  best  results  were  secured  by  stimulating  just  after  the 
muscle  had  relaxed  from  an  artificial  contraction  and  before  the  spon- 
taneous waves  could  begin  again.  No  such  difficulties  were  encoun- 
tered with  the  antral  strips,  which  showed  very  little  rhythmicity. 

Not  only  were  there  these  rhythmic  movements  to  contend  with, 
but  sometimes  there  were  slow  vkriations  in  tone.  Jordan  (28)  be- 
lieves that  a  change  in  tone  greatly  alters  the  irritability  of  smooth 
muscle,  and  it  may  be  that  the  low  irritability  of  the  cardiac  strips  at 
first  was  due  partly  to  their  increased  tone.  Griitzner  (p.  27)  quotes 
the  literature  to  show  that  smooth  muscle  when  tonically  contracted 
will  not  react  to  the  strongest  induced  currents.  He  found  this  true 
for  freshly  cut  stomach  rings;  but  if  he  killed  the  frog,  left  it  in  a  cool 
room  for  24  hours,  and  then  cut  a  ring,  it  was  much  more  irritable  and 
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reacted- well.  I  repeated  this  work,  and  found  that  the  improvement 
was  to  be  noted  only  in  the  strips  from  the  antrum.  This  subject  will 
be  taken  up  again  later.  I  do  not  believe  that  changes  in  tone  affected 
the  reactions  very  much.  The  strips  from  the  antrum  showed  the  most 
even  base  line,  just  as  they  did  when  beating  in  Ringer's  solution. 

When  we  remember  how  much  shorter  the  l?itent  period  was  at  the 
cardia  than  in  the  antrum  of  the  intact  stomach,  it  is  surprising  to 
find  the  conditions  reversed  in  the  strips.  Excluding  the  negative 
results,  the  averaging  of  172  readings  in  21  frogs  gave  the  following 
figures: 

TABLE  2 
Cetrdia  Antrum 

6  cm.  3.90  seconds  2.70  seconds 

4  cm.  1.26  seconds  0.66  seconds 

In  only  two  frogs  were  the  lowest  figures  obtained  with  the  cardiac 
strip  less  than  the  lowest  for  the  antral  strip  from  the  same  stomach. 
The  protocols  are  as  follows: 

TABLE  3 
Coa  Distance  Cardia  Antrum 

Frog 

-                       /6  cm.  4.2;  3.4;  2.7;  1.4;  4.6  4.8;  4.3;  4.0 
l4cm.  1.60  1.15 

2                        /6  cm.  3. 6;  4. 6;  0.9;  2. 2;  2. 3;  1.5  2.4;  2.4;  2.4;  2.4 
\  4  cm.  0.43;  0.38  0.55;  0.75 

The  second  protocol  is  very  definite,  as  the  results  with  the  two 
strengths  of  current  are  in  accord.  This  evidence  that  the  cardiac 
strips  can  at  times  react  more  quickly  than  the  antral  ones  raises  the 
question  as  to  whether  they  might  not  always  do  so  if  it  were  not  for 
the  greater  sensitiveness  to  trauma,  the  greater  rhythmicity  and  re- 
fractoriness. It  will  be  seen  later  that,  in  the  mammalian  stomach, 
the  latent  period  of  the  strip  from  the  cardiac  region  was  usually  shorter 
than  that  of  the  antral  strip.  If,  in  the  frog,  the  latent  period  of  the 
muscle  in  the  antrum  is  really  much  shorter  than  that  around  the 
cardia,  it  would  seem  that  the  greater  irritability  of  the  cardia  in  the 
intact  stomach  must  be  attributed  to  the  activities  of  the  nervous 
plexus.  In  the  intact  stomach,  the  cardia  responds  to  stimulation 
with  the  coil  at  13  cm.  and  the  antrum  with  it  at  8  cm.  Excised  strips 
from  both  regions  react  only  when  the  coil  is  at  6  cm.,  hence  the  loss 
of  irritability  is  greater  proportionately  in  the  cardiac  strips.    Since 
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Barbera's  (29)  results  on  the  excised  stomach  agree  closely  with  my 
own  for  the  organ  in  situ,  it  would  appear  that  the  disproportionate 
lengthening  of  the  latent  period  must  be  due  more  to  the  cutting  of 
the  strips  than  to  the  stoppage  of  the  circulation  and  the  severance  of 
the  extrinsic  nerves. 

DIFFERENCES  IN  THE  REACTION  TO  TRAUMA 

Several  writers  have  commented  upon  the  injurious  effects  of  strong 
induced  currents  on  smooth  muscle.  Apparently  the  cardiac  strips 
suffered  from  this  more  than  did  the  antral  ones,  judging  by  the  de- 
gree of  lengthening  of  the  latent  period  after  successive  stimuU  (with 
the  coil  at  4  cm.).  Some  of  the  antral  strips  did  not  seem  to  be  in- 
jured at  all,  while  a  few  of  the  cardiac  ones  lost  their  irritability  en- 
tirely after  one  or  two  shocks.  The  following  protocols  of  exi)eriments 
with  the  secondary  coil  at  4  cm.  bring  this  out. 

TABLE  4 
Cardia  Antrum 

0.80;  1.30;  «  0.32;  0.35 

0.77;  1.50;  1.50;  2.10  0.35;  0.60;  0.60;  0.70 

1.00;  1.60;  1.40;  2.80  0.72;  0.70;  1.15;  0.90 

1.10;  00  0.80;  0.85 

2.80;  4.40;  6.40  1.40;  1.20;  2.10 

0.85  0.75;  0.60;  0.50 

This  difference  was  most  marked  in  diseased  or  weakened  animals 
in  which  the  cardia  showed  very  little  vitaUty.  The  impression  was 
gained  while  stud3ring  the  mammalian  stomachs  also,  that  the  more 
sensitive  cardiac  muscle  suffers  most  from  a  general  lowering  of  the 
bodily  strength  and  resistance.  Perhaps  for  the  same  reason,  the  car- 
diac strips  did  not  stand  being  kept  in  the  ice  box  for  twenty-four 
hours  so  well  as  did  those  from  the  antrum.  After  the  pieces  had  been 
tested,  they  were  put  in  Ringer's  solution,  usually  at  6**C.,  and  the  re- 
actions were  taken  again  next  day.  Some  kept  well,  and  contracted 
with  as  good  amplitude  as  they  showed  at  first;  others,  usually  from 
the  weaker  animals,  reacted  poorly.  The  following  figures  show  that 
the  latent  period  in  the  antral  strips  may  even  be  shorter  after  twenty- 
four  hours.  This  was  observed  quite  constantly,  later,  with  antral 
strips  from  the  dog.  The  figures  in  the  following  table  represent  the 
shortest  periods  obtained  during  the  usual  series  of  tests  on  each  strip. 
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TABLE  5 


COIL 
DI8TANCB 

CAROXA 

ANTRUlf 

raoo 

After 
escision 

After 
24  hours 

Percent 

After 
excinon 

After 
24  hours 

Percent 

1 
2 

3 

4 

em. 
6 
4 
6 
4 
4 
4 

2.60 
0.85 
3.50 
0.05 
2.00 
1.50 

3.20 
1.75 

00 

2.20 
3.90 
3.40 

123 
205 

00 

338 
195 
226 

2.30 
0.65 
1.70 
0.40 
1.30 
0.55 

1.70 
0.61 

3.00 
0.30 
1.80 
0.85 

73 

93 

176 

75 

138 

154 

After  the  24  hour  interval,  the  amplitude  was  much  better  in  the 
antral  strips  than  in  the  cardiac  ones. 

STRIPS  FROM  THE   MIDDLE   OF  THE   STOMACH 

In  eight  frogs,  a  strip  was  cut  from  the  middle  of  the  stomach.  All 
but  one  of  these  resembled  in  their  reactions  the  corresponding  car- 
diac strips,  although  the  latent  periods  were  sometimes  shorter.  As 
the  frog's  stomach  has  no  distinct  upper  limit,  its  mid-point  could  not 
always  be  located  with  accuracy,  and  it  may  be  that  some  of  the  strips 
were  taken,  really,  from  the  upper  edge  of  the  pyloric  antrum.  These 
strips  from  the  middle  stretched  out  a  great  deal  and  did  not  seem  to 
have  much  tone. 

SHAPE  OF  THE  CONTRACTION  CURVE 

A  very  definite  difference  was  found  between  the  type  of  curve 
traced  by  the  cardia  and  that  of  the  antrum  (see  fig.  2).  The  follow- 
ing table  shows  latent  period,  apex  and  relaxation  times  expressed  in 
seconds  elapsed  after  stimulation. 

The  better  amplitude  usually  met  with  in  the  antral  strips  made  it 
easier  to  get  good  tracings  from  them  than  from  the  cardiac  ones.  I 
have  remarked  elsewhere  on  the  wide  amplitude  of  the  spontaneous  con- 
tractions in  the  antrum.  The  relaxation  time,  particularly  in  the  car- 
diac strips,  seemed  often  to  be  shortened  or  lengthened  according  as 
the  tone  happened  to  be  falling  or  rising.  When  it  was  rising,  the  lever 
generally  did  not  return  to  its  old  level  at  all.  After  twenty-four  hours, 
the  relaxation  time  was  sometimes  shorter,  sometimes  longer.  The 
slower  relaxation  of  the  cardiac  strips  may  be  due  to  the  greater  sensi- 
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TABLE  6 


CARDIA 

ANTRUM 

CX)IL  DISTANCK 

Latent 
period 

Aper 

Relaxation 

Latent 
period 

Apex 

Relaxation 

cm. 

6 
4 

1.30 
3.20 
3.50 
0.50 
0.85 
1.75 

32 
29 
67 
22 
30 
45 

480 
265 
217 
290 
480 
400 

0.95 
1.90 
0.55 
0.48 
0.20 
0.65 
0.61 
0.85 
0.40 
0.35 

20 
16 
21 
16 
13 
18 
18 
21 
17 
12 

160 

50 

89 

150 

190 

164 

114 

90 

206 

70 

Averages 

1.85 

37 

355 

0.69 

17 

130 

Fig.  2.  Contraction  curves  from  strips  from  the  antrum  (upper)  and  the 
cardia  (lower).  The  same  strength  of  faradic  current  was  used.  Time  mark- 
ings represent  seconds.    Magnification  of  lever  4.5:21. 
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tiveness  to  trauma  or  it  may  possibly  be  a  useful  reaction,  suited  to 
the  functions  of  that  region  which  are  to  keep  the  upper  part  of  the 
stomach  closed,  and  to  press  the  gastric  contents  steadily  into  the 
antral  mill. 

It  was  rather  surprising  to  find  that  the  latent  period  of  smooth 
muscle  from  the  antrum  of  the  frog's  stomach  was  often  shorter  than 
that  of  muscle  from  the  antrum  of  the  rabbit,  cat  and  dog  (the  stimulus, 
of  course,  being  the  same).  This  is  the  more  surprising  in  that  the 
frog  strips  were  tested  at  19**C.,  the  others  at  37**C.  Another  sur- 
prise was  that  the  frog  strips  did  not  keep  so  well  in  the  ice  box  (in 
cold  blooded  Ringer's  solution)  as  did  those  from  the  dog. 

SUMMARY 

Marked  differences  have  been  found  in  the  reactions  of  muscle  strips 
from  different  parts  of  the  stomach  of  the  frog,  stimulated  in  a  moist 
chamber  with  the  faradic  current. 

The  cardiac  strips  showed  by  far  the  greatest  rhythmicity.  They 
seemed  to  suffer  most  from  the  trauma  of  excision,  and  they  recovered 
slowly  as  compared  with  the  antral  strips.  They  suffered  more  dam- 
age, also,  from  strong  faradic  currents  than  did  the  antral  strips.  They 
did  not  stand  being  kept  in  the  ice  box  for  twenty-four  hours  so  well 
as  did  the  strips  from  the  antrum.  The  latent  period  of  the  antral 
strips  at  times  was  even  shorter  after  such  treatment. 

The  latent  period  almost  always  was  longer  and  more  variable  in 
the  cardiac  than  in  the  antral  strips.  In  only  two  out  of  twenty-one 
frogs  did  the  cardiac  muscle  respond  more  quickly  than  the  antral. 

Strips  from  the  middle  of  the  stomach  generally  resembled  the  car- 
diac ones  in  their  behavior. 

The  shape  of  the  contraction  curve  was  different  for  cardiac  and 
antral  strips.  The  contraction  and  relaxation  times  were  shorter, 
and  the  amplitude  was  greater  in  the  antral  strips. 
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It  has  been  shown  recently  that  strips  of  muscle  cut  from  different 
parts  of  the  wall  of  the  stomach  vary  markedly  in  their  tendencies  to 
rhythmic  contraction  and  in  the  forms  of  the  curves  obtained  (1). 
Decided  differences  were  found  also  in  the  irritability  and  latent  period 
when  different  parts  of  the  stomach  were  stimulated  with  the  same 
strength  of  ciurent  (2).  In  the  accompanying  paper  (3),  I  have  re- 
viewed some  of  the  Uteratiu-e  on  smooth  muscle,  and  have  given  the 
reasons  which  led  me  to  look  for  more  peculiarities  in  the  muscle  strips: 
peculiarities  that  might  account  for  the  differences  in  rhythmicity. 
Work  done  first  on  the  frog  showed  marked  differences  in  the  be- 
havior of  strips  from  cardia  and  antnmi.  They  were  kept  in  a  moist 
chamber,  and  stimulated  with  the  faradic  current.  The  most  strik- 
ing difference  was  found  in  the  forms  of  the  contraction  cmv^es  from 
cardia  and  antnmi.  The  contraction  and  relaxation  times  were 
shorter,  and  the  ampUtude  was  greater  in  the  antral  strips.  Contrary 
to  expectation,  the  latent  period  was  almost  always  shorter  in  the 
antral  strips.  A  niunber  of  factors  were  mentioned  which  might  ac- 
count for  this  reversal  of  the  conditions  found  when  the  stomach  was 
stimulated  in  situ. 

This  paper  deals  with  similar  differences  observed  in  the  reactions 
of  strips  from  different  parts  of  the  mammalian  stomach. 

TECHNIC 

The  apparatus  and  method  have  been  described  in  the  previous 
paper.  The  mammalian  strip)s  were  kept  at  SS^'C.  The  strips  were 
obtained  in  the  same  way  and  from  the  same  locations  as  described  in 
Communication  IV.    They  were  cut  longitudinally  from  the  two  ciu*- 
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vatures.  The  sequence  in  which  they  were  tested  was  changed  daily, 
although  this  factor  did  not  seem  to  have  any  influence  on  the  results. 
The  stomach  was  kept  in  the  icebox,  in  a  moist  chamber,  or  in  Ringer's 
solution  at  6^C.,  and  taken  out  from  time  to  time  as  strips  w^e  cut 
and  tested.  The  strips  were  all  about  2  cm.  long.  The  only  ones  that 
had  the  mucous  membrane  attached  were  the  first  two  from  the  lesser 
curvature  of  the  rabbit.  As  explained  in  Paper  IV,  a  separation  was 
not  possible  in  this  region. 

Many  experiments  were  done  at  first  to  make  sure  that  the  results 
obtained  could  be  duplicated,  and  that  they  were  not  accidental.  It 
was  found  that  with  the  coil  at  4  cm.  a  series  of  tests  on  the  same 
strip  would  generally  show  about  the  same  latent  period.  For  instance, 
a  strip  from  the  middle  of  the  greater  curvature  in  a  dog  reacted  after 
0.29,  0.28,  0.27  and  0.27  seconds,  in  successive  tests  at  intervals  of 
fifteen  minutes.  Two  hours  later,  another  strip  was  cut  from  the  same 
region,  and  it  reacted  after  0.27  seconds.  As  soon  as  it  seemed  cer- 
tain that  single  observations  could  be  trusted,  the  following  technic 
was  adopted.  The  strips  were  left  ten  minutes  in  the  moist  chamber, 
that  they  might  warm  up  and  recover  somewhat  from  the  trauma  of 
attachment.  They  were  stimulated  then  with  the  coil  at  6  cm.  A 
minute  after  they  had  regained  their  original  lengths,  they  were  stimu- 
lated with  the  coil  at  4  cm.  Again,  after  waiting  for  relaxation,  they 
werf^  stimulated  with  the  coil  at  0  cm.  The  contractions  were  not 
quite  maximal  with  the  coil  at  4  cm.  When  the  result  with  CD. 
(Coil  Distance)  4  cm.  was  shorter  than  that  with  CD.  6  cm.,  and  a 
Uttle  longer  than  that  obtained  with  CD.  0  cm.,  it  was  pretty  sure  to 
be  correct.  Most  of  the  discrepancies  met  with  were  due  probably 
to  the  difficulties  in  marking  the  record  when  the  lever  had  risen  very 
gradually  at  first.  The  mammalian  strips  have  been  much  more 
satisfactory  to  work  with,  however,  than  were  the  frog  strips;  the  base 
line  has  been  more  constant,  and  in  most  of  the  records  the  latent 
period  could  be  measured  accurately.  The  great  rhjrthmicity  which 
was  so  troublesome  while  studying  the  frog's  cardia  was  seldom  met 
with  while  working  with  the  rabbits'  stomachs,  and  then  only  with 
the  cardiac  strip.  It  was  more  disturbing  in  some  strips  from  the 
stomachs  of  cats  and  dogs. 

LATENT  PERIOD 

Figures  1  and  2  represent  the  latent  periods  obtained  in  strips  from 
different  regions  of  the  rabbit's  stomach  with  the  secondary  coil  at 
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6  cm.  and  at  4  cm.  The  ordinates  represent  fractions  of  seconds. 
The  Unes  connect  readings  from  the  several  strips  from  one  stomach. 
The  little  diagrams  above  show  the  locations  from  which  the  different 
strips  were  taken.  When 
a  number  of  tests  were 
made  on  the  same  strip, 
the  shortest  latent  period 
observed  was  taken  for 
these  charts.  It  will  be 
seen  that  with  the  weaker 
cmrent,  the  shortest  la- 
tent periods  were  observ- 
ed in  the  two  strips  from 
the  cardia  and  from  the 
fundus.  Many  strips 
failed  to  respond  at  all. 
This  was  true  particular- 
ly of  the  strip)s  from  the 
antnmi  and  from  the 
middle  and  preantral  re- 
gions of  the  greater  cur- 
vature. The  cardiac  strip 
also  failed  to  react  in  a 
number  of  animals.  The 
fundus  showed  the  small- 
est percentage  of  failures, 
while  the  strip  from  the 
antnmi  on  the  greater 
curvature  responded  but 
once,  and  then  doubt- 
fuUy. 

With  the  stronger  cur- 
rent, figure'  2,  reactions 
were  always  obtained  in 
normal  animals.  Again, 
it  will  be  seen  that  the 
latent  period  was  short- 
est at  the  cardia  and  at 
the  fundus.  After  ex- 
cluding a  few  widely  di- 


Fig.  1.  Latent  periods  of  muscle  strips  from 
the  rabbit's  stomach  with  the  coil  at  6  cm.  The 
diagrams  indicate  the  regions  from  which  the 
different  strips  were  taken.  Ordinates  represent 
seconds.  The  lines  connect  readings  on  strips 
from  the  same  stomach. 
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vergent  results  and  those  obtained  in  animals  which  were  found  to  be 
diseased,  the  averages  (for  the  rabbit)  were  as  follows: 


Lesser  curvature 

•eeoniM 

Near  cardia 0.22 

Middle 0.37 

Preantrum 0.35 

Antrum 0.65 


Fig.  2.  This  corresponds  in  every  way  to  fig- 
ure 1,  except  that  the  strips  were  stimulated  this 
time  with  the  coil  at  4  cm. 


Greater  curvature 


Fundus 0.25 

Opposite  cardia 0.35 

Middle 0.40 

Preantrum 0.41 

Antrum 0.76 


From  this  we  can  say 
that,  roughly,  the  latent 
period  of  the  strips  varied 
inversely  as  their  dis- 
tance from  the  cardiac 
end  of  the  stomach.  The 
latent  periods  of  the  an- 
tral strips  were  three 
times  as  long  as  those  of 
strips  from  cardia  and 
fimdus. 

Similar  results  were 
obtained  .with  strips  from 
the  stomachs  of  a  few 
dogs.  Figure  3  shows 
the  gradation  in  the  la- 
tent periods  of  strips 
from  different  regions. 
Again,  it  will  be  seen 
that  the  strip  from  the 
lesser  curvatiu-e  next  to 
the  cardia  responded  usu- 
ally in  the  shortest  time, 
and  that  there  is  more 
or  less  gradation  towards 
the  antrum.  Sometimes 
the  latent  period  was 
shorter  in  the  strip  next 
to  the  pylorus  than  in 
the  one  just  above  in  the 
antnun.  This  is  in  agree- 
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ment  with  the  finding  in  the  intact  stomach  that  the  pyloric  ring  is 
more  irritable  than  any  other  part  of  the  antnun. 

Observations  on  strips  from  the  stomachs  of  a  few  cats  indicate 
that  the  latent  periods  are  very  similar  to  those  in  the  dog. 

A  Uttle  work  was  done 
with  circular  stomach 
strips  in  dogs  and  rabbits, 
but  it  was  not  satisfactory 
on  account  of  the  poor 
amplitude  of  the  contrac- 
tions obtained.  This  made 
it  hard  to  say  just  where 
the  lever  b^an  to  rise. 
As  nearly  as  could  be  de- 
termined; there  was  a  gra- 
dation from  cardia  to  py- 
lorus similar  to  that  found 
with  the  longitudinal 
strips. 

THRESHOLD  OF  IRRITA- 
BILITY 

In  the  rabbity  the  thresh- 
old was  usually  about  the 
same  for  the  four  strips  on 
the  lesser  curvature  and 
for  the  upper  two  on  the 
greater  curvature.  They 
all  reacted  with  the  coil  at 
6  cm.  In  a  few  animals, 
the  cardiac  and  fundus 
strips  reacted  with  the  coil 
at  8  cm.  In  a  few  dogs, 
the  strip  from  the  lesser 
curvature  near  the  cardia 
responded  well  with  the  coil  at  10  cm.,  while  the  other  strips  responded 
only  at  7  cm.  and  6  cm.  This  was  to  be  expected  from  the  results 
on  the  intact  stomach. 


Fig.  3.  Latent  periods  of  muscle  strips  from 
the  dog's  stomach  with  the  coil  at  4  cm.  The 
diagrams  indicate  the  regions  from  which  the 
different  strips  were  taken.  Ordinates  represent 
fractions  of  seconds.  The  lines  connect  readings 
on  strips  from  the  same  stomach.  The  lowest 
line  on  the  left  was  from  a  dog  that  had  recently 
been  inoculated  against  distemper  with  a  live 
culture  of  B.  bronchiseptious.  As  far  as  could 
be  ascertained,  the  other  dogs  were  in  good 
condition. 
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SHAPE   OF  THE   CONTRACTION  CIJRVB 

Here,  again,  differences  have  been  found  similar  to  those  already 
described  for  the  frog.  They  perhaps  can  best  be  illustrated  by  the 
following  data  from  the  rabbit.  The  figures  indicate  seconds  elapsed 
after  stimulation.  The  coil  was  at  4  cm.  Sample  tracings  are  shown 
in  figiu^  4. 


LATENT 
PKRIOD 


BBLAXATIOM 


Cardia,  lesser  curvature 


Momd* 

0  20 

5.6 

ao 

0,30 

5.6 

9t 

0  23 

5  0 

ir 

0.25 

5  0 

m 

'  . 

0.25 

5.0 

4B 

0  25 

6  4 

m 

0  21 

5  2 

ss 

Average. . . 

0.24 

5.4 

35 

Fundus,  greater  curvature 


0.23 

13.0 

0.21 

12.4 

0.47 

10.6 

0.34 

17.0 

0.37 

56.0 

0.43 

15.0 

0.27 

30.0 

0.24 

13.0 

0.24 

12.0 

0.31 

20.0 

After 
After 
After 
After 
After 
After 
After 
After 
After 


180  seconds 

120  seconds 

120  seconds 

14  minutes 

10  minutes 

10  minutes 

10  minutes 

5  minutes 

120  seconds 


it  had  relaxed 
it  had  relaxed 
it  had  relaxed 
it  had  relaxed 
relaxation  was 
relaxation  was 
it  had  relaxed 
it  had  relaxed 
it  had  relaxed 


one-third- 
very  little, 
very  little. 
ver3'  little. 
not  fompleU. 
not  complete* 
very  little. 
very  little, 
very  little. 


Average. . 


Antrum f  lesser  curvature 


MOOfMb 

0.68 

5.2 

15 

0.95 

4.7 

18 

1.00 

4.6 

14 

0.95 

4.2 

16 

1.50 

4.3 

19 

0.65 

4.0 

17 

Average. . . 

0.95 

4.5 

16 
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LATENT 
PUUOO 


•SLAXATION 


Preantrum,  greater  curvcUure 


0.25 

7.4 

0.46 

6.3 

0.34 

6.0 

0.36 

5.5 

After  50  seconds  it  had  relaxed  two-thirdi. 
After  60  secondi  it  had  relaxed  completely. 
After  31  seconds  it  had  relaxed  completely. 
After  27  seconds  it  had  relaxed  completely. 


Enough  data  have  not  been  secured  from  other  parts  of  the  stoiimch 
to  give  averages  of  any  value.  The  figures  from  cardia,  fundus  and 
antrum  show  clearly  enough  that  there  were  differences  in  the  shape  of 
the  curve  sufficiently  characteristic,  if  need  had  been,  to  have  identi- 
fied the  different  strips. 


Fi^  4.  BmmfAe  tneiags  from  four  strips  from  tike  rabbit's  stomaeh  stimulated 
with  tike  eoO  at  4  cm.  From  abore  dovnvard,  tbej  are  from  fjj  tbe  lesaer  eurva^ 
tore  near  tbe  carcHa;  (f )  aatmm  on  tiie  leaser  enrrattxre;  (5;  greater  eurvature 
jivt  above  tbe  aatram,  and  (4)  top  of  faadna.  Tbe  iM^nifyatkat  was  tbe  asjoe 
lor  alL    Tbe  time  reeord  represents  seeoods. 

The  antrom  had  the  shortest  oootraction  and  rdiazatkxD  tiiues  of 
BUT  port  of  the  stomach.  It  is  strange  that,  irith  these,  it  should  have 
had  tbe  looigest  latent  period-  One  can  not  help  t.Kir.kirrj^  of  the  work 
of  Lee,  Qoeaa^ther  and  Mel^n^y  4  iriio  sricrwed  that  wiiie  the  dia- 
p^wi^gw"  exoek  the  other  skeletal  mus'ji**  in  abnost  eienr  way,  h  fallu 
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behind  them  as  regards  its  latent  period.    I  have  aheady  suggested  (2)  ' 
that  the  muscle  in  the  antrum  may  be  different  from  that  in  the  rest 
of  the  stomach,  just  as  the  diaphragm  is  different  from  other  musclesj 
and  for  the  same  reason:  because  it  works  so  constantly  day  and 
night. 

The  sustained  contraction  of  the  muscle  from  the  fundus  may  be 
suited  to  its  function.  I  have  commented  elsewhere  on  the  fact  that 
when  strips  from  the  fundus  were  put  into  warm  aerated  Ringer*d 
solution,  they  gradually  contracted  down  until  they  lost  all  tendency  to 
rhythmic  movement.  This  may  have  been  due  to  a  large  contraction 
remainder. 

The  amplitude  varied  in  the  different  strips.  This  can  be  seen  in 
figure  4.  In  the  rabbit,  the  antrum  generally  had  the  smallest  ampli* 
tude,  the  fundus  the  greatest.  The  figures  in  the  following  table  were 
obtained  while  using  the  same  strength  of  current  and  the  same  lever 
magnification — 4.5:20.5.  As  stated  before,  the  strips  were  cut  with 
as  nearly  as  possible  the  same  length.  The  distance  is  given  in  milli-' 
meters  from  the  base  line  to  the  highest  point  on  the  curve. 


KAVBIT 

€A1U>IA 

AjrrRtTM 

rtrsmm 

2.0 

1.0 

5.0 

4,0 

1.0 

^.0 

2.5 

1.0 

42.0 

2.0 

ro 

8.0 

4.0 

1.0 

7.0 

4.0 

1.5 

22  0 

8.5 

1.5 

30  0 

The  figures  for  the  fundus  would  have  been  even  larger  if  the  strips 
had  not  already,  as  a  rule,  been  shortened  by  previous  stimulation. 
It  is  hard  to  say  why  the  amplitude  was  so  poor  in  the  antral  strips. 
It  was  verj^  good  in  the  frog's  antrum* 

Differences  were  found  in  the  shape  of  the  curv^  also  while  studying 
the  stomachs  of  dogs  and  cats.  On  the  whole,  the  curves  from  the 
dog's  stomach  resembled  those  from  the  corresponding  regions  in  the 
rabbit,  but  there  were  wider  individual  variations.  Even  the  same 
strip  would  at  times  show  strange  differences,  due  possibly  to  changes 
in  tone.  For  instance,  a  strip  from  the  grater  curvature  reacted  as 
follows: 
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LATBNT  PERIOD 

APKX 

RBLAXATXOM 

•eeonds 

0.29 

teconds 
10 

38 

»econd» 
35 

ATTKR  ▲  FBW  MINXTTXS 

0.28 

500 

Sometimes  the  shorter  curve  would  follow  the  longer.  A  rapid 
return  of  the  lever  to  the  original  base  line  might  at  times  be  due  to  a 
progressive  fall  in  tone;  occasionally  it  seemed  due  to  the  low  ampli- 
tude, that  is,  the  lever  did  not  have  far  to  fall. 

Strips  from  the  antrum  of  the  dog  generally  showed  a  bigger  ampli- 
tude than  did  those  from  the  rabbit. 

EXPERIMENTS   ON  THE  HUMAN   STOMACH 

Through  the  kindness  of  Dr.  L.  L.  Stanley,  I  was  able  to  get  strips 
from  a  normal  human  stomach  at  an  autopsy  held  half  an  hour  after 
death  by  hanging.  Death  was  instantaneous;  the  man  was  middle 
aged,  powerfully  built  and  healthy.  His  stomach  was  full  of  food. 
The  strips  were  cut  about  10.30  a.m.,  stnmg  on  a  small  safety  pin  in 
known  order,  and  dropped  into  Ringer's  solution  previously  cooled  to 
about  6®C.  The  laboratory  could  not  be  reached  until  7  p.m.,  when  the 
temperature  in  the  thermos  bottle  was  13®C.  The  tests  were  made 
between  7.30  and  11  p.m. 

The  differences  in  latent  period  will  be  seen  in  the  following  table. 

The  figures  indicate  seconds. 


LS88SR  CUBTATURB 

OBBATBB  CURTATURB 

COIL 

DWTAMCB 

Cardia 

Preantrum 

Antmni 

Fundus 

Biiddle 

Preantrum 

cm. 

8 

2.90 

00 

00 

00 

00 

00 

6 

0.44 

0.68 

0.70 

0.45 

0.55 

0.85 

4 

0.19 

0.27 

0.28 

0.22 

0.32 

0.26 

These  figures  show  a  gradation  from  cardia  to  pylorus  similar  to 
that  foimd  in  the  rabbit,  dog  and  cat.  It  is  interesting,  also,  that  the 
threshold  was  lowest  in  the  cardiac  stri^).  This  strip  was  also  the  only 
one  which  showed  enough  rhythmicity  to  interfere  with  making  the 
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tests.  The  peculiar  characteristics  of  the  cardiac  strip  might  have  been 
even  more  pronounced  if,  in  this  case,  it  had  not  been  taken  from  a 
point  considerably  to  one  side  of  the  median  line.  This  was  done  in 
order  that  the  area  heretofore  found  so  interesting  might  be  studied 
histologically  under  ideal  conditions. 

The  following  figures  show  the  differences  in  the  shape  of  the  curves 
from  different  regions.  They  denote  seconds  elapsed  after  stimu- 
lation. Relaxation  was  often  so  slow  after  a  certain  point  that  I  could 
not  afford  to  wait  for  its  completion. 


COIL 
DISTANCE 


LATENT 
PERIOD 


RELAXATION 


CardiOj  leaser  curvature 


cm. 

6 

0.62 

12.3 

After  100  seconds  little  change  took  place. 

4 

0.19 

25.0 

After  100  seconds  little  change  took  place. 
Relaxation  was  two-thirds  accomplished. 

Antrum f  lesser  curvcUure 


After  20  seconds  relaxation  was  complete. 
After  30  seconds  relaxation  nearly  complete. 
It  was  complete  in  60  seconds. 


Fundus  f  greater  curvature 


After    60  seconds  relaxation  was  complete. 
After  300  seconds  relaxation  was  two-thirds  ac- 
complished. 


Middle^  greater  curvature 


After    22  seconds  relaxation  was  complete. 
After  300  seconds  relaxation  was  five-sixths  ac- 
complished. 


Preantrunit  greater  curvature 


After  300  seconds  relaxation  was  six-sevenths  ac- 
complished. 


No  conclusions  can  be  drawn  from  single  experiments.  It  is  inter- 
esting, however,  to  note  that  the  antral  strip  relaxed  promptly,  as  it 
did  in  the  rabbit  and  dog. 
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THE  LATENT   PERIOD  AFTER  FORTY-EIGHT  HOURS 

WhUe  stud3dng  strips  from  the  frog's  stomach,  it  was  f oimd  that  those 
from  the  cardia  did  not  keep  well  in  the  icebox,  and  their  latent  periods 
always  were  lengthened.  Those  from  the  antrum,  however,  would 
sometimes  have  a  shorter  latent  period  after  twenty-four  hours  than 
they  did  at  first.  This  peculiarity  in  the  behavior  of  strips  from  the 
pyloric  r^on  was  even  more  marked  in  the  dog,  where  it  could  be  ob- 
served after  forty-eight  hours.  Between  tests,  the  strips  were  kept  in 
Ringer-Locke's  solution  at  6**C.  The  following  figures  show  that  while 
the  forty-eight  hour  interval  caused  the  cardiac  latent  period  to 
lengthen  30,  136  and  even  500  per  cent,  that  of  the  antral  strip  was 
usually  shortened;  in  one  animal,  by  75  per  cent. 


Dogl 

C.  D.  4cin.... 

After  48  hours 

Percentage 

Dog  2 

C.  D.  4  cm.... 

After  48  hours 

Percentage 

Dog  3 

C.  D.  4  cm.... 

After  48  hours. 

Percentage — 
Rabbit 

C.  D.  4  cm.... 

After  24  hours. 

Percentage — 
Cat 

C.  D.  4  cm.... 

After  24  hours. 

Percentage 


CARDIA) 

CUBVATUKB 


0.16 

0.27 


0.22 
0.52 


0.24 
0.35 


0.20 
1.20 


168 


236 


146 


0.30 
0.39 


600 


130 


ANTBCM  LB88BB 
CUBVATUMB 


0.70 

0.18 


25 


0.35 
0.31 


0.31 
0.34 


0.68 
0.40 


88 


110 


58 


0.85 
0.30 


35 


MIOOLB,  GBBAT- 
BB  CUBVATUBB 


0.27 
0.60 


0.29 
0.70 


0.63 
1.10 


0.50 


0.31 
0.32 


222 


241 


174 


103 


It  would  seem  as  if  the  antral  muscle  were  not  only  much  more  re- 
sistant to  the  conditions  that  bring  about  death,  but  that  it  must, 
during  the  48  hours,  get  rid  of  some  form  of  inhibition. 

DIFFERENCES   IN  DISEASED  ANIMALS 

Before  the  work  had  progressed  far,  it  was  noticed  that,  with  cer- 
tain stomachs,  all  but  one  or  two  of  the  strips  would  react  poorly,  the 
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irritability  would  be  low,  the  latent  period  longer  than  usual,  and  the 
amplitude  small.  These  strips  did  not  keep  well  in  the  icebox,  and 
after  t'v^nty-four  hoiu^,  might  not  react  at  all  to  strong  stimuli.  The 
following  few  figures  from  the  rabbit  show  that,  compared  with  the 
averages  for  healthy  animals,  the  strips  from  the  fimdua  and  middle 
of  the  greater  curvatiu^  did  not  suffer  at  all.  Those  from  the  lesser 
curvature,  however,  sufifered  a  good  deal. 

Rabbit 


LBBSBB  CURVATURK 

ORSATXR  CUKTATURB 

CardU 

Prean- 
trum 

Antrum 

Fundus 

Ca^ 

Middle 

Pmn- 
trum 

Antnun 

March       15.  1915       ..   .  . 

0.85 
0.60 
1.05 
0.70 

0.90 
1.15 

1.00 
1.40 
1.50 
1.50 

0.21 
0.22 
0.27 

0.25 
1.43 

00 

0.50 
0.27 

1.65 

December  6,  1915 

0.60 

ADril          3.  1916 

July           8.  1916 

00 

Normal  average 

0.22 

0.35 

0.65 

0.25 

0.35 

0.40 

0.41 

0.76 

C.  D.  was  4  cm.  in  all. 

The  first  animal  seemed  to  have  some  intestinal  disturbance  as  the 
bowel  was  distended  and  flabby;  the  second  had  snuffles;  the  third  had 
large,  inflamed  Peyer's  patches  and  some  indurated  areas  in  the  cecum, 
due  apparently  to  encysted  parasites;  while  the  fourth  had  recently 
had  an  abortion,  judging  from  the  appearance  of  .the  uterus. 

Similar  deviations  from  normal  were  f oimd  in  strips  from  the  stomachs 
of  distempered  dogs.  There,  the  most  marked  feature  was  the  great 
shortening  of  the  latent  period  in  the  strips  from  the  pyloric  antrum. 
In  two  dogs,  this  shortening  caused  an  actual  reversal  of  the  gradient, 
the  antral  strip  contracting  before  the  cardiac  one.  The  figures  ob- 
tained on  successive  tests  with  the  coil  at  6  cm.  (4  cm.  unfortunately 
was  not  used)  are  as  follows: 


Lesser  curvature 

Cardia 

Small  male  spitz.0.40;  0.45;  0.40;  0.39 
Mongrel  female 0.85;  0.90;  0.90 


Lesser  curvature 
Antrum 

0.22;  0.30;  0.30 

0.65;  0.60;  0.65;  0.70;  0.70 


It  will  be  noted,  in  figure  3,  that  one  of  the  hues  is  unusuaUy  low, 
and  that  the  antrum  responded  more  promptly  than  the  cardia.  These 
records  were  included  in  the  chart  because  the  dog  seemed  healthy  and 
normal  in  every  way.    Inquiry  showed  later,  however,  that  that  dog 
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had  recently  been  inoculated  against  distemper  with  a  live  culture  of 
Bacillus  branchisepticits.  It  seems  probable,  then,  that  the  reversal 
of  the  gradient  on  the  lesser  curvature  was  due  to  this  infection. 

The  follbwing  figures  are  from  cardia  and  antrum  of  a  large  old  mon- 
grel dog  which  had  been  vomiting  for  several  dajrs.  He  was  in  ex- 
iremis  when  killed  by  ether  and  bleeding.  Autopsy  showed  a  severe 
chronic  nephritis.  One  kidney  contained  a  stone,  and  the  prostate 
was  markedly  hypertrophied.    The  limgs  were  normal. 

Lesser  curvature  Lesser  curvature 

Cariia  Antrum 

C.  D.  8  cm.    CO  CO 

C.  D.  6  cm.  0.57  « 

CD.  4cm.  0.19  0.18 

CD.  0cm.  0.22  0.17 

It  will  be  seen  that  although  the  irritability  was  greater  in  the  car- 
diac strip,  the  latent  periods  with  strong  stimuli  were  shorter  in  the 
antrum.  The  reversal  of  the  gradient  was  due  mainly  to  the  marked 
shortening  of  the  antral  latent  period.  A  similar  reversal  was  found 
in  the  stomachs  of  two  monkeys  killed  in  the  last  stages  of  dyisentery. 

DISCUSSION 

The  gradation  in  the  latent  period  from  cardia  to  pylorus  on  both 
ciu^atures  agrees  with  the  gradation  of  rhythmicity  previously  de- 
scribed. This  work  has  emphasized  again  the  peculiar  properties  of  the 
muscle  in  the  cardiac  region  on  the  lesser  curvature,  and  has  made  it 
seem  more  likely  that  that  is  a  rhythmic  center  for  the  stomach. 
There  was  some  question  at  first  whether  or  not  there  might  be  an- 
other such  center  in  the  preantral  region  on  the  greater  curvature. 
The  waves  often  seem  to  arise  there,  and  strips  from  that  area  gener- 
ally showed  considerable  rhjrthmicity.  This  work  indicates  now  that 
the  muscle  there  is  not  very  different  from  that  in  the  areas  near  by. 
Certainly  it  does  not  stand  out  as  pecuUarly  as  the  cardiac  muscle 
does. 

It  is  possible  that  the  greater  irritabiUty  and  shorter  latent  period 
in  the  lower  than  in  the  upper  part  of  the  antrum  might  tend  to  stop 
the  waves  as  they  reach  the  pylorus.  It  is  well  known  that  the  waves 
do  not  sweep  over  into  the  duodenum.  Often  in  the  rabbit  I  have 
seen,  much  as  Auer  (5)  has  described,  a  small  contraction  appear  at 
the  pylorus  and,  moving  upwards,  break  against  the  down-coming 
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wave  in  the  lower  antrum.  The  process  makes  one  think  of  back- 
firing in  a  forest.  This  might  occur,  perhaps,  if  the  shorter  latent 
period  in  the  muscle  of  the  pyloric  ring  should  cause  it  to  pick  up  the 
stimulus  ahead  of  its  turn.  ^ 

If  the  gradation  of  latent  period,  irritabiUty,  rhythmicity,  etc., 
from  cardia  to  antnun  plays  any  part  in  the  normal  progress  of  peri- 
stalsis, it  seems  likely  that  an  upset  in  this  gradient  should  have  im- 
portant consequences.  There  might  then  be  a  tendency  to  anastal- 
sis,  the  stonmch  would  not  invite  food,  and  appetite  might  be  lost. 
It  must  be  remembered,  of  course,  that  the  figures  given  here  have 
been  obtained  from  excised  strips,  stimulated  powerfully.  The  usual 
stimuli  received  by  the  stomach  are  probably  much  weaker.  More- 
over, the  gradient  of  latent  period  and  irritabiUty  for  such  stimuli  in 
the  highly  sensitive  intact  stomach  is  probably  steeper  than  it  is  in  the 
strips.  Even  in  the  strips,  the  gradient  is  generally  steeper  with  weak 
stimuli.  Thus  in  the  table  of  results  on  the  himian  stomach,  it  wUl 
be  seen  that  with  the  coil  at  8  cm.  the  gradient  is  from  2.90  seconds  at 
the  cardia  to  <»  at  the  pylorus;  with  the  coil  at  4  cm.  it  is  from  0.19 
second  at  the  cardia  to  0.28  second  at  the  pylorus.  We  can  not  say, 
as  yet,  how  much  the  gradient  can  be  changed  in  the  intact  stomach. 
Certainly  it  is  interesting  to  know  that  the  muscles  in  cardia  and  an- 
tnmi  are  so  different  that  the  one  can  be  slowed  and  the  other  quick- 
ened by  the  same  agent.    The  subject  invites  further  research. 

SUMMARY 

Differences  have  been  found  in  the  latent  period  of  muscle  strips 
removed  from  different  parts  of  the  stomach  wall.  Speaking  roughly, 
the  latent  period  varies  inversely  as  the  distance  from  the  cardia. 

The  irritabiUty  was  greatest  in  the  strip  from  the  lesser  curvature 
next  to  the  cardia.  . 

There  were  differences  in  the  shape  of  the  contraction  curve  suffi- 
ciently characteristic,  if  need  had  been,  to  have  identified  a  number  of 
the  different  strips. 

Similar  results  were  obtained  while  studying  strips  from  a  human 
stomach. 

When  the  strips  were  left  48  hours  in  the  icebox,  those  from  the 
antrum  showed  themselves  pecuUar  in  that  their  latent  periods  were 
shorteis  while  those  of  the  other  strips  were  more  or  less  lengthened. 

In  diseased  animals,  all  but  one  or  two  sinps  generaUy  showed  a 


Digitized  by 


Google 


PHYSIOLOGY  OF  SMOOTH  MUSCLE  OP  STOMACH  449 

lessened  irritability  and  a  lengthened  latent  period.  In  some  ani- 
mals, the  latent  period  of  the  antral  strip  was  markedly  shortened. 
The  lengthening  at  the  cardia  and  the  shortening  at  the  pylorus  up- 
set the  normal  gradient  in  several  animals.  It  seems  likely  that  if 
such  changes  should  take  place  in  the  intact  stomach,  digestion  might 
be  embarrassed. 
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Considerable  work  has  been  done  on  the  ways  in  which  respiration 
may  be  modified  reflexly  by  stimulating  cutaneous  sensory  nerves 
(1)»  e.g.,  sciatic,  radial,  ulnar,  median  and  trigeminal,  or  by  stimulating 
visceral  sensory  nerves  (2),  e.g.,  vagus  and  superior  laryngeal.  Numer- 
ous experimenters  have  shown  that  varying  the  strength  of  the  stimu- 
lus in  one  sensory  nerve,  e.g.,  phrenic  (3),  vagus  (4),  sciatic,  crural, 
median,  ulnar  (5)  or  trigeminal  (nasal  branch)  (6)  may  modify  respiration. 

Rosenthal  (7)  and  later  Meltzer  (4)  measured  the  strength  of  stim- 
ulus (in  nun.  the  distance  between  the  secondary  and  primary  coils) 
necessary  to  bring  about  complete  cessation  of  respiration  in  rabbits 
upon  stimulating  the  central  end  of  the  cut  vagus  nerve.  Rosenthal 
obtained  only  inspiratory  inhibition  of  respiration  but  Meltzer  ob- 
tained inhibition  of  respiration  in  both  inspiration  and  expiration  in 
the  same  animal  upon  vagus  stimulation. 

Bidder  (8)  and  Blimiberg  (9)  found,  in  cats,  that  the  strength  of 
current  necessary  to  stop  respiration  in  expiration  upon  stimulating 
the  central  end  of  the  superior  laryngeal  nerve  was  weaker  than  that 
necessary  to  stop  respiration  in  inspiration  upon  stimulating  the  vagus. 

Nice  (10)  recently  employed  the  Martin  method  (11)  in  studying 
the  strength  of  stimulus  necefeary  to  alter  respiration. 

An  attempt  has  been  made  in  this  article  to  answer  the  following 
three  questions: 

1.  What  are  the  average  threshold  stimuli  of  the  vagi,  superior 
laryngeal  and  cutaneous  sensory  nerves  (such  as  the  popliteal,  peroneal, 
radial,  ulnar  and  median)  which  bring  about  any  change  in  the  depth 
of  respiration? 

^  Part  of  the  data  in  this  research  was  collected  from  the  experiments  per* 
formed  upon  animals  in  which  the  effect  of  varying  the  rate  of  stimulation  upon 
the  vasomotor  centre  was  studied.  These  experiments  were  performed  in  the 
laboratory  of  Physiology  in  the  University  of  Pennsylvania. 
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2.  What  average  strength  of  current  is  necessary  to  bring  about 
certain  respiratory  changes  (expiratory  and  inspiratory  decrease  and 
complete  inhibition  in  both  phases)  upon  stimulating  the  central  end 
of  the  vagus  nerve? 

3.  What  effects  do  different  rates  of  stimuli  have  upon  the  respira- 
tory centre  and  the  threshold  stimulus? 

THE  METHOD 

These  experiments  were  performed  upon  cats  narcotized  with  ure- 
thane  (2  grams  per  kilo  by  stomach)  and  tracheotonmed.  Respiratory 
movements  were  recorded  by  catching  a  small  S-shaped  hook  in  the 
left  side  of  the  diaphragm  about  midway  between  the  central  tendon 
and  the  lateral  chest  wall.  From  this  hook  a  thread  was  passed  over 
a  pulley  to  a  writing  lever  which  wrote  on  a  kymograph  surface.  The 
vagi  were  then  exposed  and  cut  and  the  electrodes  placed  centrally 
to  the  point  of  severance.  No  attempt  was  made  to  isolate  the  inferior 
laryngeal  branch.  After  the  determinations  for  the  vagi  were  com- 
pleted readings  were  made  whenever  possible  on  the  following  nerves 
in  the  order  named;  superior  laryngeal,  peroneal,  popliteal,  radial, 
ulnar  a,nd  median  nerves.  Stimuli  were  applied  by  means  of  platinum 
electrodes.  The  nerves  undergoing  stimulation  were  protected  by 
glass  shields  like  those  described  by  Sherrington  (12). 

The  current.  A  glass  knife  blade  key  nm  by  a  motor  made  and 
broke  the  primary  circuit  from  one  to  twenty  times  per  second  when 
the  effects  for  changes  of  rate  were  being  studied,  and  ten  times  per 
second  for  determining  the  effects  of  changes  of  strength  of  stimuli. 
The  threshold  stimulus  was  measm-ed  in  the  /3  units  of  the  Martin 
method— 2  units  were  also  used  for  purposes  of  comparison  in  cases 
where  the  readings  were  made  upon  the  same  nerve.  For  these  read- 
ings the  electrodes  were  not  moved  after  they  were  once  in  place  and 
the  tissue  resistance  therefore  remained  the  same. 

The  strength  of  the  ciurent  in  the  primary  circuit  was  0.1  ampere 
for  all  nerves  except  the  superior  laryiigeal  in  which  a  cmrent  of  0.05 
ampere  was  employed. 

RESULTS 

In  16  experiments  there  was  a  decrease  in  the  depth  of  inspiration 
with  an  apparently  normal  depth  of  expiration  (see  fig.  1).  In  this 
figure  at  (1)  the  strength  of  the  stimulus  was  4.2,  at  (2)  4.6  and  at 
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(3)  5  Z  units.  The  average  threshold  for  the  whole  series  of  experiments 
was  3.2  Z  units  and  2  /3  units  (see  table  1).  To  bring  about  the  same 
changes  upon  stimulating  the  left  vagus  the  average  threshold  stimulus 
was,  for  10  experiments,  3.3  Z  and  1.9/3  imits.  In  my  experiments 
I  did  not  find  it  necessary  to  leave  one  vagus  intact  as  did  Nice  (13). 
In  the  early  experiments,  threshold  readings  were  made  on  one  vagus 
both  before  and  after  cutting  the  other.  The  threshold  remained  the 
same,  so  later  both  vagi  were  used  for  making  readings.  Nice  (10) 
obtained  slightly  higher  readings  2.87  and  2.52  p  units  and  4.15  and 
4.59  Z  imits  probably  because  he  used  slower  rates  of  stimulation,  4 

and  6  stimuli  per  second.  Table 
2  and  figs.  4  and  5  are  given 
here  to  show  that  this  change  in 
the  rate  of  stimulation  could  be 
responsible  for  the  increase  in 
the  threshold  stimuli  in  Nice's 
experiments.  In  this  table  I 
used  three  rates  of  stimulation, 
4  interruptions  per  second,  at 
which  rate  the  average  threshold 
was  4.2  Z  units,  10  per  second 
with  a  threshold  of  3.5  Z  units 
and  20  interruptions  per  second 
with  a  threshold  of  3  Z  units. 
As  can  be  seen  Nice's  4.12  Z 
imits  and  my  readings  4 .2  Z  units 
taken  at  the  same  rate  of  stim- 
ulation— 4  per  second — are  the 
same,  considering  this  method 
accurate  only  within  1  or  2  per 
cent.  This  change  in  respira- 
tion, the  production  of  a  decrease  in  the  depth  of  respiration  at  the 
expense  of  the  inspiratory  phase,  is  similar  to  the  changes  described  by 
Rosenthal  (14).  Knoll  also  observed  that  the  inspiratory  movements 
were  not  as  deep  when  the  vagus  was  stimulated  by  its  own  demarca- 
tion current  (15). 

The  superior  laryngeal  nerves  do  not  require  as  strong  a  current  to 
bring  about  the  same  response.  For  the  right  nerve  the  average 
threshold  stimulus  for  14  experiments  was  1.5  Z  and  0.8  P  units  and 
for  the  left  the  average  threshold  stimulus  for  10  experiments  was  1.3 
Z  and  0.7  /3  imits  (see  table  1). 


Fig.  1.  Upper  record  tracing  of  respir- 
atory movements.  Lower  line  time  in  5 
second  intervals  and  the  time  of  stimula- 
tion. Rate  of  stimulation  10  interrup- 
tions per  second  (explained  in  text).  In 
this  and  following  curves  the  up  stroke 
in  the  respiratory  curve  is  inspiration,  the 
down  stroke  expiration. 
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TABLE  1 
The  relative  threshold  sttmiUi  (Martin  Z  and  fi  unite)  necessary  to  alter  the  respira- 
tory movements  upon  stimulating  the  left  and  right  vagi  and  superior  laryngeal 
nerves  in  the  cat  in  urethane  narcosis.    Rate  of  stimulation  ten  times  per  second 
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TABLES 

The  threshold  stimulus  of  the  vagus  as  affected  by  changing  the  rate  of  interrruption 

of  the  stimulating  current 
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Aside  from  the  phenomenon  just  described,  three  other  effects  were 
produced  by  stimulation  of  the  central  end  of  the  cut  vagus. 

With  an  average  current  strength  of  about  6  Z  imits  or  about  4.0  j3 
units  the  expiratory  phase  of  respiration  is  decreased.  The  recording 
lever,  therefore,  does  not  return  to  the  base  line  (see  fig.  2).    Here  at 


Fig.  2.  Upper  curve  respirationfi.    Lower  line  time  in  5  second  intervaU 
and  time  of  stimulations  (explained  in  textX 


Fig.  3.  Upper  curve  respiration.  Lower  line  time  in  5  second  intervals  and 
time  of  stimuJation.  At  (1)  the  strength  of  the  stimulus  was  25  Z  units,  at  (f) 
59  Z  units,  and  at  (5)  175.5  Z  units. 

(1)  the  strength  of  stimulus  was  5.7  at  {2)  6.5  and  at  (S)  7.5  Z  units. 
In  this  figure  there  is  observed  upon  the  cessation  of  stimulation  an 
inhibition  of  respiration  in  inspiration. 

As  the  strength  of  the  current  is  further  increased  with  a  uniform 
rate  of  stimulation — 10  per  second — a  point  is  reached  at  which  respir- 
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ation  is  inhibited  in  inspiration.  As  is  almost  alwa3rs  the  case  con- 
siderable variation  is  observed  in  the  strength  of  current  necessary 
to  bring  about  these  changes  in  different  animals.  Meltzer  (4)  ob- 
served this  same  variation  in  his  experiments  upon  the  vagus  nerve. 
If  the  nerve  is  not  fatigued,  he  says,  it  is  possible  to  bring  about  the 

TABLES 
The  threshold  stimulus  of  cutaneous  sensory  nerves  cis  measured  by  the  Martin  method 
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same  changes  in  respiration  repeatedly  in  the  same  animal  with  the 
same  strength  of  current  (p.  351). 

In  this  series  of  experiments  inhibition  of  respiration  in  inspiration 
was  produced  with  61  Z  imits  as  an  average  (see  fig.  3).    Such  a  re- 


Digitized  by 


Google 


456 


CHARLES  M.   GRUBER 


action  was  obtained  in  twenty-six  out  of  twenty-nine  animals  experi- 
mented  upon. 

With  a  still  further  increase  in  the  strength  of  current  it  was  possible 
to  bring  about  a  cessation  of  respiration  in  expiration.  The  average 
strength  of  current  required  was  299  Z  units.  Thirty-one  of  thirty- 
three  animals  gave  this  response  (see  fig.  3).  In  many  cases  it  was 
possible  also  to  demonstrate  this  in  another  way.  If,  with  a  strength 
of  stimulus  sufficient  to  bring  about  inhibition  of  respiration  in  inspi- 
ration at  4  stimuli  per  second,  the  number  of  stimuli  was  increased  to 
20  per  second  the  response  was  an  inhibition  of  respiration  in  expiration 
(see  fig.  5). 

Rosenthal  believed  that  such  an  expiratory  inhibition  was  due  to 


Fig.  4.  Upper  curve  respiratory  movements  lower  curve  time  in  5  second 
intervals  and  time  of  stimulation.  Strength  of  stimulus  16.8  Z  units.  Rate  of 
interruption,  at  (/)  4,  (B)  7,  (5)  10,  (4)  20  per  second. 

an  escape  of  current  to  the  superior  laryngeal  nerve.  Meltzer  did  not 
agree  with  Rosenthal  and  demonstrated  that  respiration  could  be 
stopped  by  a  strong  stimulation  of  the  vagus.  I  found  that  if  a  silk 
Ugature  was  tied  very  tightly  around  the  vagus  central  to  the  point  of 
stimulation,  no  change  in  respiration  resulted  upon  stimulation  al- 
though previously  a  complete  inhibition  of  respiration  was  brought 
about  with  the  same  strength  and  rate  of  stimulation. 

A  current  of  only  19.5  Z  units  was  necessary  to  stop  respiration  in 
expiration  upon  stimulating  the  superior  laryngeal  nerve.  This 
average  was  taken  from  readings  collected  from  14  experiments. 

The  readings  upon  the  cutaneous  sensory  nerves  (peroneal,  popliteal. 
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median,  radial  and  ulnar)  are  considered  together  here.  For  the  25 
readings  made  upon  them  the  average  J;hreshold  stimulus  for  the 
respiratory  reflex  was  8.5  Z  units  and  5.3  fi  units  (see  table  3). 

I  did  not  find  as  did  Meltzer  (15)  that  the  sex  of  the  animal  experi- 
mented upon  affected  the  response  obtained  upon  vagus  stimulation. 
In  only  five  out  of  thirty-four  animals  was  it  impossible  to  obtain 
both  inspiratory  and  expiratory  inhibition.  It  was,  however,  very 
diflicult  and  frequently  impossible  to  bring  about  a  complete  inhibition 
in  inspiration  after  inhibition  in  expiration  had  been  produced. 

Figures  4  and  5  are  given  here  to  show  how  the  rate  of  stimulation 
affects  the  respiratory  centre. 
In  figure  4  the  strength  of 
stimulus  was  16.8  Z  units  with 
a  changing  rate.  At  (Jf)  the 
rate  was  4  per  second.  There 
resulted  a  decrease  in  both  the 
rate  and  depth  of  respiration. 
At  {2)  the  rate  was  7  per  sec- 
ond with  a  resulting  increase 
in  rate  and  decrease  in  the 
depth  of  respiration.  At  {3) 
the  rate  was  10  per  second  and 
at  (4)  20  per  second  each  ac- 
companied by  a  change  in  the 
rate  and  depth  of  respiration. 
Figure  5  shows  a  still  more 
marked  change.  At  {1)  the 
rate  of  stimulation  was  7  per 
second  and  the  strength  was 
220  Z  units.    This  caused  an 

inhibition  of  respiration  in  inspiration.  At  {£)  the  rate  of  interruption 
was  20  per  second  with  the  same  strength  of  current,  220  Z  units.  Here 
respiration  ceased  in  expiration. 

Since  the  rate  of  interruption  has  an  effect  on  the  changes  resulting 
from  reflex  excitation  of  the  vasomotor  center  (16)  and  upon  the 
respiratory  center  the  question  arose  as  to  whether  it  might  not  be  ac- 
countable for  the  difference  in  results  obtained  by  Mendenhall  (17) 
and  by  me  upon  stimulation  of  the  cervical  sympathetic  (18). 

Five  series  of  threshold  readings  with  various  rates  of  stimuli  were 
made  using  the  retraction  of  the  nictitating  membrane  as  an  index. 


Fig.  5.  Upper  record  respiration.  Lower 
curve  time  in  5  second  intervals  and  time 
of  stimulation.  At  (/)  rate  of  stimulation 
7  per  second.  At  {i)  rate  of  stimulation  20 
per  second.  Strength  of  stimulus  220  Z 
units. 
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With  a  rate  of  4  per  second  the  threshold  stimulus  was  9  Z  units,  when 
10  per  second  7,5  and  when  20  per  second  5.3  Z  units. 

SUMMARY 

1.  In  this  series  of  experiments  the  threshold  stimuli  necessary  to 
bring  about  a  change  in  respiration  upon  stimulating  the  central 
ends  of  the  cut  vagi  were  3  Z  units  and  2  0  units  for  the  right  and  3  Z 
unit  a  and  1.9  ^  units  for  the  left, 

2.  The  threshold  stitnuLi  for  the  superior  laryngeal  nerves  necessary' 
to  bring  about  a  change  in  respiration  were  1.4  Z  and  0,8  0  units  for 
the  right  and  L3  Z  and  0.7  0  units  for  the  left.  This  is  lower  than 
that  required  by  the  phrenic  diaphragm  preparation  u^ed  by  Nice. 

3.  Sensory  nerves  such  as  the  popliteal,  peroneal,  ulnar,  radial  and 
median  nerves  require  a  comparatively  strong  stimulus  to  effect  res- 
piration.    The  average  [Stimulus  was  8.3  Z  and  5.2  P  units. 

4.  A  slow  rate  of  interruption  and  strong  stimuli  have  less  effect 
upon  the  respiratory  centre  than  do  a  high  rate  of  interruption  and  a 
weaker  stimulus, 

5.  The  strength  of  stimulus  required  to  bring  about  cessation  of 
respiration  in  inspiration  is  less  than  that  required  to  bring  about  a 
cessation  of  respiration  in  expiration  providing  the  rate  of  stimulation 
remains  the  same.  With  a  fixed  strength  of  stimulus  the  cessation  of 
respiration  in  expiration  requires  a  faster  rate  of  stimulation  than  does 
cessation  of  respiration  in  inspiration, 
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Lactic  Acid  Production  in  the  Blood  Following  the  Injection 
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In  the  previous  paper  of  this  series  (1)  it  was  shown  in  confirmation 
of  the  work  of  other  investigators  (Mnrlin,  Underhill)  that  addition  of 
alkalies  to  the  blood  causes  the  percentage  of  blood-sugar  to  become 
lowered.  There  are  three  possible  mechanisms  concerned  in  the  control 
of  the  blood-sugar  level  which  the  alkali  may  influence  so  as  to  bring 
about  this  change,  namely:  (1)  the  glycogenic  function  of  the  Uver 
and  muscles;  (2)  the  oxidation  of  dextrose  in  the  muscles,  and  (3) 
destruction  of  dextrose  in  the  blood  itself.  Evidence  was  furnished 
in  the  above  referred  to  communication  that  the  alkali  does  not  per- 
ceptibly affect  the  glycogenic  function.  In  the  present  research  we 
have  examined  the  blood  for  the  presence  in  it  of  possible  break-down 
products  of  dextrose,  and  have  chosen  lactic  acid  as  the  most  likely 
one  to  occur.  The  general  plan  of  the  investigation  has  consisted  in 
the  collection  of  samples  of  blood  that  were  large  enough  to  make  an 
accurate  determination  of  lactic  acid  possible,  at  intervals  from  the 
upper  portion  of  the  portal  vein,  or  from  the  vena  cava  opposite  the 
Uver  before  and  during  the  injection,  lower  down  in  the  portal  vein, 
either  of  dextrose  solutions  in  the  presence  of  a  trace  of  acid  or  an  ex- 
cess of  alkali  (sodium  carbonate),  or  of  alkaline  solutions  without  any 
dextrose.' 

In  the  accompanying  tables  are  shown  the  results  of  the  experiments 
which  may  be  divided  into  three  groups:  In  ihQ  first  group  (Experiments 
I  and  II)  the  lactic  acid  was  determined  in  blood  drawn  from  the 

^  The  details  of  the  method  used  for  estimating  the  lactic  acid  will  be  published 
elsewhere. 
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pancreatico-duodenal  vein:  (a)  before  and  (b)  during  the  injection 
of  an  alkaline  solution  of  dextrose;  (c)  a  few  minutes  after  discontinu- 
ing the  injection;  and  (d)  during  a  subsequent  injection  of  a  similar 
amoimt  of  dextrose  in  faintly  acid  solution. 

It  will  be  noted  that  within  fifteen  minutes  after  starting  the  in- 
jection of  alkaline  dextrose  solution  the  percentage  of  lactic  acid  in  the 
portal  blood  increased  in  the  first  experiment  from  0.056  to  0.096  per 
cent  (71  per  cent  increase),  and  in  the  second,  from  0.066  to  0.123 
(86  per  cent  increase).  The  increase  is  more  marked  in  the  experi- 
ment in  which  the  dextrose  was  injected  in  moderate  amount  (at  the 
rate  of  0.34  gram  per  kilogram  and  hour),  but  the  alkali  was  excessive 
(20  per  cent  Na^COs),  than  in  that  in  which  the  dextrose  was  in  excess 
(0.73  gram  per  kilogram  and  hour)  and  the  alkaU  moderate  (10  per 
cent  NaiCOs).  This  result  would  indicate  that  the  factor  upon  which 
the  lactic  acid  production  depends  is  the  alkalinity  of  the  dextrose 
solution  rather  than  the  actual  amount  of  dextrose  injected.  The 
behavior  of  the  portal  blood-sugar  further  corroborates  this  view,  a 
much  greater  increase  in  blood-sugar  being  evident  in  the  experiment 
(No.  I)  which  shows  the  lesser  increase  in  lactic  acid. 

The  percentage  of  lactic  acid  was  still  imdiminished  in  blood  removed 
in  ten  minutes  after  discontinuing  the  injection  (Experiment  II). 
This  indicates  either  that  the  lactic  acid  is  only  slowly  oxidized  by  the 
animal  or  that  the  alkali  continues  to  produce  lactic  acid  from  the 
dextrose  of  the  blood,  or  from  that  injected  along  with  the  alkali,  for 
some  time  after  discontinuing  the  injection.  It  is  also  possible  that 
breakdown  products  of  the  action  of  alkali  on  dextrose  continue  to 
circulate  in  the  blood  for  some  time  after  the  blood  has  regained  its 
normal  H-ion  concentration,  and  that  these  only  become  converted 
into  lactic  acid  as  some  of  this  becomes  oxidized.  In  other  words,  the 
lactic  acid  after  accumulating  to  a  certain  extent  may  limit  any  fur- 
ther production  in  obedience  to  the  laws  of  mass  action. 

In  both  experiments,  following  a  period  during  which  no  injection 
was  made,  dextrose  was  again  injected,  but  in  faintly  acid  solution 
(2  to  3  drops  concentrated  HCl  per  100  cc.  of  solution).  In  Experi- 
ment I,  although  distinctly  more  dextrose  was  injected  than  during 
the  previous  alkali  period,  the  lactic  acid  percentage  was  found  to  be 
about  10  per  cent  lower.  In  the  Ught  of  results  which  we  will  discuss 
immediately  it  is  probable  that  the  increase  which  does  exist  in  this 
part  of  the  experiment  would  have  been  much  less  evident  had  a  longer 
period  of  time  been  allowed  to  elapse  following  the  in  jection  of  alkali. 
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In  Experiment  II,  the  lactic  acid  percentage  during  the  injection  of 
acid  remained  at  its  previous  high  level,  a  result  which  is  in  harmony 
with  the  above  stated  view,  namely  that  there  still  remained  in  the 
blood  of  this  animal  an  accumulation  of  lactic  acid  or  of  some  precursor 
produced  by  the  action  of  the  alkaU. 

In  the  second  group  (Experiments  III  and  IV),  the  dextrose  was 
first  of  all  injected  in  faintly  acid  or  neutral  solution  and  later  in  the 
presence  of  alkali. 

In  Experiment  III  a  5  per  cent  solution  of  the  purest  dextrose  obtain- 
able (Merck's)  was  injected  in  the  usual  way,  first  of  all  in  faintly 
acid  solution  and  later  in  alkaline.  The  rate  of  injection  was  a  little 
quicker  diu'ing  the  latter  as  compared  with  the  former  period.  On 
account  of  omission  to  record  the  weight  of  the  animal,  the  exact 
dosage  per  kilogram  body  weight  cannot  be  given,  but  we  know  that  it 
was  well  within  the  utiUzation  value  of  0.8  gram  per  kilogram  an 
hour.  Lactic  acid  was  determined  in  blood  removed  as  nearly  as 
possible  simultaneously  from  the  portal  vein  and  vena  cava,  the  object 
of  this  being  to  see  whether  any  of  the  lactic  acid  produced  in  the 
portal  blood  would  be  retained  by  the  Uver.  The  blood-sugar  was 
determined  by  the  Bertrand  method  in  aliquot  portions  of  the  Schenck 
filtrate,  the  remainder  of  which  was  used  for  estimation  of  the  lactic 
acid. 

It  will  be  noted  that  practically  no  increase  in  lactic  acid  was  pro- 
duced in  the  blood  of  either  vessel,  as  a  result  of  the  injection  of  dex- 
trose in  acid  solution,*  whereas,  on  the  other  hand,  an  increase  from 
0.039  to  0.076  (95  per  cent)  occiu'red  in  the  blood  of  the  portal  vein, 
and  from  0.050  to  0.092  (85  per  cent)  in  that  of  the  vena  cava,  following 
the  injection  of  the  alkaline  solution.  The  increase  in  dextrose-con- 
tent was  only  moderate  and  approximately  the  same  during  both 
periods. 

Two  conclusions  may  be  drawn  from  the  results  of  this  experiment: 
first,  that  the  injection  of  a  faintly  acid  solution  of  chemically  pure 
dextrose  does  not  cause  any  perceptible  increase  to  occur  in  the  lactic 
acid  content  of  the  blood,  and  secondly,  that  when  such  an  increase  does 
occur  as  a  result  of  the  injection  of  practically  the  same  amount  of 
pure  dextrose  (iiss(>iv'<.ti  in  ftlkHH^  the  lactic  acid  thus  ti>rnie<J  i.^  not 
retained  by  the  liver.     Why  there  should  Imve  been  somewhat  nmii 

^  80T110  \om  JR  known  to  have  been  incurred  m  thi«  i*atifitfttli»a HH'I 
cloitLDg  Df  blood  during  its  collection. 
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lactic  acid  in  the  blood  of  the  vena  cava  than  in  that  of  the  portal 
vein,  we  cannot  explain. 

In  Experiment  IV,  the  procedure  was  in  general  the  same  as  that  of 
Experiment  III,  except  that  blood  for  analysis  was  removed  from  the 
portal  veing  alone  (an  mmianageable  clot  having  formed  in  the  vena 
cava  cannula).  The  dextrose  was  not  so  pure  a  specimen  as  that  used 
in  the  previous  experiment  (Mulford's),  and  it  was  injected  at  first 
in  neutral  reaction  and  later  in  the  presence  of  15  per  cent  NajCOs. 

It  will  be  noted  that  the  lactic  acid  content  was  initially  high  in  this 
animal,  and  that  if  anything  it  was  very  slightly  increased  (from  0.065 
to  0.067  per  cent)  by  the  injection  of  a  neutral  solution  of  dextrose  at  a 
rate  of  0.36  gram  per  kilogram  and  hour.  The  injection  of  the  alkaline 
solution  was  then  started  at  a  rate  which  was  at  first  only  about  two- 
thirds  that  of  the  neutral  solution  (0.26  gram  per  kilogram  and  hour), 
and  yet,  within  ten  minutes  after  starting  the  injection,  by  which  time 
3  grams  Na^COs  had  been  injected,  the  lactic  acid  percentage  had 
increased  from  0.064  to  0.074  (15  per  cent  increase).  The  injection 
rate  was  then  greatly  increased  (to  2.5  gram  dextrose  per  kilogram  and 
hour,  with  a  total  injection  of  6  grams  NasCOj),  with  the  result  that 
within  three  minutes  the  lactic  acid  percentage  had  mounted  from 
0.074  to  0.095  (29  per  cent  increase  over  previous  estimation  or  46  per 
cent  over  ncwmal). 

In  Experiment  V,  dextrose  was  injected  in  large  dosage  (over  1 
gram  per  kilogram  and  hour)  into  the  mesenteric  vein,  blood  for  analysis 
being  collected  from  the  vena  cava.  During  the  first  period  of  about 
15  minutes  a  dextrose  solution  which  was  faintly  acid  in  reaction  caused 
no  increase  in  the  lactic  acid  percentage  of  the  blood.  In  ten  minutes 
after  discontinuing  the  injection,  however,  the  percentage  had  risen 
from  0.05  to  0.065.  A  similar  amoimt  of  dextrose  in  sodium  carbonate 
solution  was  then  injected,  with  the  result  that  in  about  ten  minutes 
the  lactic  acid  percentage  of  the  blood  had  almost  doubled  (from  0.065 
to  0.125).  The  results  of  this  experiment  corroborate  those  recorded 
above  in  two  particulars:  first,  the  dextrose  injected  in  acid  solution 
causes  no  increase  in  the  lactic  acid  content  of  the  blood,  whereas  a 
similar  dextrose  injection  in  alkaline  solution  causes  a  marked  increase; 
and  secondly,  that  the  lactic  acid  thus  produced  is  not  retained  by  the 
liver. 

Most  of  the  above  observations  were  made  during  the  course  of 
experiments  which  were  primarily  designed  to  study  the  behavior  of  the 
blood-sugar  level  during  the  injection  of  dextrose  solutions  in  the  pres- 
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ence  of  acid  or  alkali.  On  this  account  the  experiments  on  the  effect 
on  the  lactic  acid  content  of  the  blood  of  injections  of  alkali  alone 
which  form  the  experiments  of  group  three  were  not  performed  until 
quite  recently,  and  from  the  results  (Nos.  VI  and  VII  in  the  table)  it  is 
plain  that  the  lactic  acid  is  actually  produced  in  the  blood  itself  and 
is  not,  as  we  had  thought  probable,  dependent  upon  the  presence  in  the 
injected  alkaline  dextrose  solutions  of  decomposition  products.  Thus, 
by  the  injection  of  Na^COa  in  15  per  cent  solution  at  the  rate  of  0.6 
gram  per  minute  into  a  dog  weighing  8,7  kilogram  (Experiment  VI), 
the  lactic  acid  per  100  cc,  blood  increased,  after  twelve  minutes*  in- 
jection, from  an  average  of  0,030  gram  to  0,063  gram,  and  after  fifteen 
minutes,  it  had  risen  further  to  0.076  per  cent.  In  the  other  experi* 
ment  of  this  nature  (No.  VII)  the  alkali  was  injected  a  little  quicker 
(viz.,  0.66  gram  per  minute  in  a  somewhat  smaller  dog)  with  the  result 
that  in  six  minutes  the  lactic  acid  content  of  the  blood  rose  from  0.033 
to  0.093,  at  about  which  level  it  also  stood  in  eleven  minutes. 

These  are  of  course  ver>^  large  amounts  of  alkah,  but  they  are  com- 
parable  with  those  of  the  dextrose  solutions  used  in  the  previous  experi- 
ments. There  can  be  little  doubt  that  a  distinct  increase  in  lactic 
acid  of  the  blood  would  also  be  produced  by  the  injection  of  much  less 
of  the  carbonate,  but  we  have  not  as  yet  determined  just  exactly  how 
much  must  be  injected  in  order  to  cause  a  me.asurable  increase. 

It  is  possible  that  more  lactic  acid  would  be  produced  by  injections 
of  dextrose  plus  alkali  than  by  alkali  alone.  If  dextrose  be  the  source 
of  the  acid,  such  would  be  the  expected  result,  and  although  the  alkaline 
solutions  of  dextrose  do  not,  on  standing  for  a  short  time  at  room  tem- 
perature, form  any  detectable  amount  of  lactic  acid,  yet  there  is  evi- 
dence from  the  ''browning"  of  the  solutions  that  some  considerable 
decomposition  of  the  dextrose  molecule  has  set  in.  It  may  be  that 
certain  of  the  decomposition  products  are  very  promptly  acted  on  by 
some  enzyme  present  in  blood  (of  the  glyoxylase  class)  to  form  lactic 
acid. 

That  the  addition  of  weak  alkali  to  sterile  blood  in  miro  increases  the 
rate  of  disappearance  of  dextrose  (2),  and  its  addition  to  suspensions 
of  leucocytes  causes  lactic  acid  to  be  produced  from  dextrose  (3)  are 
facts  which  have  an  interesting  bearing  on  our  results. 

There  are  many  interesting  phases  of  the  problem  which  await 
further  investigation.  We  have  placed  the  above  results  on  record 
at  the  present  time  because  of  the  bearing  which  they  have  in  connection 
with  the  influence  of  alkali  injections  on  blood-sugar. 
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FURTHER  STUDIES  OF  NERVE  CONDUCTION  IN  CASSIOPEA 

ALFRED  GOLDSBOROUGH  MAYER 
Toriugaa  Laboratory  of  the  Carnegie  InetxttUion  of  Washington 

Received  for  publication  November  28,  1916 

Studies  of  recent  3rears  have  shown  the  importance  of  hydrogen  ion 
concentration  in  determining  the  rate  of  nerve  conduction  in  the  medusa 
Cassiopea.  Ordinary  distilled  water  often  remains  acid  even  though 
air,  freed  from  COs  by  means  of  soda-lime,  has  been  bubbled  through 
it  for  seventy-two  hours.  Accordingly,  Prof.  George  A.,Hulett  kindly 
airanged  to  have  144  liters  of  distilled  water  prepared  in  accordance 
with  his  well  known  method  (see  Hulett  (1)),  in  his  laboratory  at  Prince- 
ton University.  This  water  was  sealed  in  144  pyrex  glass  flasks  and 
thus  transported  to  Tortugas.  The  hydrogen  ion  concentration  of 
each  flask  was  testedseparately,  the  range  being  0.8  to  1  X  10~^,  and 
the  average  being  0.9  X  10"*,  or  6.04  PH. 

Fifty  litres  of  this  water  were  placed  in  a  green  glass  carboy  which 
had  previously  held  Merck's  distilled  water;  and  air  freed  from  COs 
was  bubbled  through  it  at  an  active  rate  for  seventy-eight  hours, 
after  which  the  water  in  the  carboy  had  a  hydrogen  ion  concentration 
of  10~'  which  it  nxaintained  for  eight  days  while  139  experiments  were 
made  with  it.  The  alkalinity  then  declined  to  a  hydrogen  ion  con- 
centration of  3.16  X  10"'  while  26  other  experiments  were  made;  the 
average  hydrogen  ion  concentration  for  the  series  being  1.17  X  10~*, 
or  7.93  PH.  Its  alkalinity  was  probably  due  to  soda  derived  from  the 
glass  carboy,  the  balance  being  maintained  by  a  tendency  of  the  water 
itself  to  become  acid  through  leakage  of  COs  from  the  air.  Prof. 
J.  F.  McClendon  found  the  PH  of  the  Tortugas  sea  water  to  range 
from  8.1  to  8.22  (0.794  to  0.603  X  lO"'  CH) ;  and  dilution  with  alkaUne 
distilled  water  of  hydrogen  ion  concentration  1.17  X  10~'  nxaintained 
the  normal  alkalinity  of  the  sea  water  even  when  diluted  with  its  own 
volume  of  such  distilled  water. 

The  electrical  conductivity  of  the  sea  water  was  determined  by 
Kohlrausch's  method,  using  a  telephone  to  detect  the  minimum  sound 
from  an  alternating  current  produced  by  a  small  induction  coil. 
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It  appears  ,that  when  alkaline  distilled  water  of  about  8  PH  is  used 
to  dilute  the  sea  water  the  decline  in  rate  of  nerve  conduction  is  prarti* 
eally  the  same  a<j  the  decline  in  the  electrical  conductivity  of  the  sea 
water  when  similarly  diluted.  We  should  remember,  however,  that 
the  concentration  of  the  sodium,  calcium  and  potassium  cations  de- 
clines in  practically  the  same  ratio  and  we  believe  we  can  show  that  the 
rate  of  nerve  conduction  is  proportional  to  the  concentration  of  these 
cations  rather  than  to  the  electrical  conductivity  of  the  diluted  s^ 
water  as  a  whole. 

TABI^  1 

Illustrated  by  figure  I 

Ratea  of  nerve  conduction  when  Torluga^i  sea  WQier  u  diluted  wiih  aeraUd,  alkoHnCf 
distUled  water  having  a  hydrogen  ion  concentration  of  1.17  X  JO^* 
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water. . 

50  volumes  sea  water  -h  50  volumes  distilled 
water. 

64  2« 
54  Oi 

However,  Lillie  (2)  is  right  in  stating  that  the  rate  of  nerve  con- 
duction in  Cassiopm  in  diluted  sea  water  does  not  decline  in  ac4?ord 
with  Freundlich's  law  of  adsorption  as  I  had  erroneously  i^upposed. 
The  distilled  water  used  in  my  previous  experiments  was  i^lightly  acid 
and  this  appears  to  be  stimulating  in  slight  dilution,  becoming  depress- 
ant, however,  as  the  dilution  is  continued,  thus  giving  the  semblance 
of  an  adsorption  curve.  Nor  did  I  realize  the  effects  of  slight  changes 
in  temperature  in  the  various  solutions,  for  the  effect  of  0,1  ^C*  is  readily 
appreciable. 
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Lillie  advocates  an  extension  of  the  theory  of  Faraday  ai\d  de  la  Rive, 
that  the  transmission  of  the  excitation  state  from  the  immediate  site 
of  activity  to  the  adjoining  resting  area  is  dependent  on  an*  electrical 
local  action  of  the  same  essential  nature  as  that  which  is  responsible 
for  the  etching  or  corrosion  of  non-homogeneous  metallic  surfaces, 
such  as  iron  in  contact  with  an  electrolyte  solution;  and  if  this  be  true, 
the  rate  of  nerve  conduction  should  be  a  function  of  the  electrical 
conductivity  of  the  medium,  and  also  of  the  surrounding  fluid. 
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To  further  test  this  hypothesis,  I  determined  the  electrical  conductiv- 
ity of  Tortugas  sea  water  when  heated  or  cooled,  and  compared  it 
with  the  rate  of  nerve  conduction  at  corresponding  temperatures. 

This  shows  that  the  rate  of  nerve  conduction  has  a  temperature 
coefficient  about  two  and  a  half  times  as  high  as  that  of  the  electrical 
conductivity  of  sea  water;  as  will  appear  in  table  2. 

It  will  be  recalled  that  Harvey  (3)  was  the  first  to  show  that  the  rate 
of  nerve  conduction  in  Cassiapea  augments  in  nearly  a  straight  line 
as  the  sea  water  is  heated  imtil  about  36^  to  38°C.  where  it  suddenly 
falls  off,  thus  giving  a  curve  resembling  that  of  an  enz3ane  reaction. 
This  has  been  confirmed  by  the  later  work  of -Mayer  (4),  and  Gary; 
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and  I  find  that  when  the  rate  has  begun  to  fall  off,  the  original  rate  is 
not  recovjBred  upon  cooling.  This  may  possibly  mean  that  the  h3rpo- 
thetical  enzyme  has  been  partially  destroyed;  for  if  this  decline  were  due 
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TABLE  2 

Illustrated  by  figure  2 


TBMPBRATXTBS  C*  OP  THB 
BBA  WATER 

BATC  OF  NEBTB  CONDUCriON  IN 
CA8SIOPBA.     MEAN  OPHARVBT. 
MATER    AND  CART'S  OBSERVA- 
TIONS 

RELATITB      BLBCTRICAL     CONDUC^ 
TIVITT  OF  TOBTCOAB  8BA  WATBB 

METHOD 

23 

71.30 

88.9 

24 

76.30 

90.7 

25 

81.17 

92.6 

26 

85.80 

94.4 

27 

90.74 

96.2 

28 

95.47 

98.0 

29 

100.00 

100.0 

30 

104.47 

101.6 

31 

109.20 

103.5 

32 

113.40 

105.3 

33 

117.80 

107.1 

merely  to  Winterstein's  heat  asphyxiation  (5)  the  rate  should  recover 
to  a  greater  degree  when  the  medusa  is  replaced  in  sea  water  of  normal 
temperature.    Moreover,  the  high  temperature  coeflScient  of  the  rate 
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of  nerve  conduction  suggests  that  we  may  be  dealing  with  a  chemical 
reaction  in  which  a  compound  is  formed  composed  of  sodium,  calcium 
and  some  proteid  element,  (Osterhout  (6)),  the  degree  of  ionization  of 
which  is  considerably  affected  by  temperature  in  the  manner  suggested 
by  Hardy  (7),  Quincke  (8)  and  Bayliss  (9). 

Possibly,  also,  the  negative  electrical  potential  associated  with  the 
wave  of  nerve  conduction  may  increase  the  surface  tension  of  the 
alkaline  colloidal  particles  thus  reducing  their  size,  rendering  them 
more  soluble  and  thereby  increasing  the  concentration  of  the  reacting 
ions.     (See  Mayer,  Schaefifer  and  Terroine  (10);  and  also  Hulett  (11)). 

Contrary  to  Lillie's  hypothesis,  we  have  direct  evidence  that  the 
rate  of  n^rve  conduction  may  be  independent  of  the  electrical  conductiv- 
ity of  the  surrounding  sea  water,  for  I  have  found  (12)  that  if  sea  water 
be  diluted  with  0.415  molecular  MgCU  the  rate  of  nerve  conduction  is 
only  slightly  more  depressed  than  if  the  sea  water  is  diluted  with  dis- 
tilled water,  yet  the  MgCU  maintains  a  nearly  normal  electrical  con- 
ductivity, while  with  distilled  water  it  declines  in  nearly  the  same  ratio 
as  the  dilution.  Nor  do  the  experiments  I  have  made  with  solutions 
containing  some,  but  not  all  the  cations  of  sea  water,  support  Lillie's 
view.  For  example,  if  the  rate  of  nerve  conduction  in  0.647  molecular 
NaCl  is  55,  it  becomes  100  in  85.3  cc.  of  0.6  molecular  NaCJ  +  14.69  cc. 
of  0.39  molecular  MgCl2.  Here  the  electrical  conductivity  of  the 
solution  is  somewhat  reduced  while  the  rate  of  nerve  conduction  is 
much  augmented.  This  is,  of  course,  a  striking  instance  of  Loeb's 
law  of  the  antagonism  between  a  univalent  and  a  bivalent  cation; 
even  though  the  bivalent  cation  in  this  case  is  magnesium,  well  known 
to  be  a  depressant  especially  for  muscular  activity  in  Cassiopea, 

In  slight  dilution  such  as  90  per  cent  sea  water  +  10  per  cent  of  dis- 
tilled water,  acid  distilled  water  of  hydrogen  ion  concentration  10~* 
at  30®C.  is  slightly  stimulating  when  compared  with  the  effect  of  al- 
kaline distilled  water  of  10~*  hydrogen  ion  concentration.  In  dilution 
of  about  30  per  cent  distilled  water  +  70  per  cent  sea  water,  and  greater, 
the  effect  of  the  acid  sea  water  is  reversed  for  it  becomes  more  and  more 
depressant.    This  fact  will  appear  upon  inspection  of  table  3. 

McClendon  (13)  found  that  even  when  sea  water  of  8.1  PH  is  mixed 
with  an  equal  volinne  of  distilled  water  of  6  PH  the  resulting  mixture 
has  a  PH  of  8.09.  Thus  it  is  improbable  that  the  stimulating  effect 
of  slight  amounts  of  this  acid  distilled  water  is  due  to  a  change  in  the 
concentration  of  hydrogen  ions,  especially  as  the  effects  of  any  decided 
concentration  of  acid  are  well  known  to  be  depressant. 
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It  seems  more  probable  that  the  phenomenon  is  comparable  with  that 
observed  by  Osterhout  (14)  in  plants  wherein  a  weak  concentration  of 
HCI  is  at  first  stimulating  but  later  after  the  plasma  membrane  has 
been  penetrated  by  the  acid  it  becomes  depressant.  A  slight  accession 
of  H  ions  not  sufficient  to  appreciably  change  the  alkalinity  of  the  sea 
water  appears  to  be  stimulating;  and  it  is  possible  that  it  may  be  unable 
to  penetrate  the  cell  and  produces  its  eflFect  by  simple  contact  with  the 
surface  membrane.  In  stronger  concentrations  it  certainly  penetrates 
the  cell  and  then  becomes  a  depressant  for  physiological  activity. 

There  are  remarkable  parallels  between  the  physiological  reaction 
of  animals  and  plants  indicating  the  fundamental  kinship  of  the  phenom- 
ena.   Thus  Osterhout  (6)  has  ingeniously  calculated  the  amount  of 

TABLE  3 
Illustrated  by  figure  1 


COMPOSITION  or  TMB  SOLUTION 

BATB      OF     NSBTV 
CONDUCTION 
WRKN    SBA    WA- 
TER   IS    DILUTBD 
WITH     ACID    DIS- 
TILLS D        WATBB 

or  0.9  X  10-«  H 

ION  CONCENTB.1- 
TION  AT  30"C. 

RATB       or     NmSTB 
CONDUCTION 
WHEN    SEA     WA- 
TER    a    DILUTED 

or  1.17  X  MM  H 

ION     CONCENTRA- 
TtOH  AT  30*C. 

Natural  sea  water  of  8.1  to  8.2  PH 

100 
96.43 

94.4 

82.7 

71.95 

60.41 

50.83 

100 

95  cc.  sea  water  -f    5  cc.  distilled  water 

90  cc.  sea  water  -f  10  cc.  distilled  water 

80  cc.  sea  water  -h  20  cc.  distilled  water 

70  cc.  sea  water  -f  30  cc.  distilled  water 

60  cc.  sea  water  -f  40  cc.  distilled  water 

50  cc.  sea  water  +  50  cc.  distilled  water 

96.23 
91.44 
79.51 
73.91 
65.72 
54.16 

the  so-called  sodium-calcium-ion  proteid  formed  in  Laminaria  when 
placed  in  solutions  containing  NaCl  and  CaCU  mixed  in  various  pro- 
portions. He  shows  that  a  toxic  monivalent  cation,  such  as  sodium, 
causes  a  fall  of  resistance,  but  if  a  bivalent  cation  such  as  calcium  be 
also  added  the  fall  of  resistance  is  inhibited.  Thus  the  amount  of 
antagonism  may  be  quantitatively  determined. 

Lillie's  hypothesis  of  electrolytic  local  action  appears  to  me  to  be  too 
simple  to  account  for  the  facts  of  nerve  conduction.  As  Professor 
McClendon  says  there  is  no  such  optimum  temperature  for  electrical 
conductivity,  as  we  observe  at  about  36®C.  for  nerve  conduction.  Nerve 
reactions  must  indeed  by  very  much  more  complex  than  the  "local 
action''  theory  would  imply,  for  Gary  (15)  finds  that  even  if  a  single 
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one  of  the  16  or  more  marginal  sense-organs  of  Cassiopea  be  intact  the 
initial  stages  in  regeneration  are  decidedly  accelerated  in  comparison 
with  the  rate  observed  when  oK  of  the  sense-organs  are  removed. 

SUMMARY 

Nerve  conduction  is  due  to  a  chemical  reaction  involving  the  cations 
of  sodium,  calcium  and  potassium;  magnesium  being  non  essential  to 
the  reaction. 

The  sodium  and  calcium  cations  probably  combine  together  with 
some  proteid  element  to  form  a  sodium-calcium-ion  proteid.  The 
temperature  coeflScient  for  the  rate  of  nerve  conduction  is  two  and  a 
half  times  as  great  as  that  for  the  electrical  conductivity  of  the  sea  water 
surrounding  the  nerve,  and  this  may  be  due  to  a  high  temperature 
coefficient  of  ionization  of  the  sodium-calcium-ion  proteid,  which  is 
concerned  in  the  chemical  reaction  resulting  in  nerve  conduction. 

The  rate  of  nerve  conduction  may  be  independent  of  the  electrical 
conductivity  of  the  solution  surrounding  the  nerve,  for  the  rate  de- 
clines in  practically  the  same  manner  whether  we  dilute  the  sea  water 
with  0.4  m.  MgCU  or  with  distilled  water.  In  other  words  whether 
we  maintain  the  electrical  conductivity  or  reduce  it  in  a  ratio  nearly 
commensurate  with  the  dilution. 
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I.   ARGUMENT 

During  each  cardiac  cycle,  at  least  two  series  of  vibrations,  of  such 
a  frequency  that  they  can  be  distinguished  by  the  human  ear,  are 
initiated  within  the  heart  wall,  the  valves  and  blood  current.  They 
may  be  designated  as  the  fundamental  heart  sounds.  Through  the 
air  and  sohd  media  of  the  intervening  lung  these  vibrations  are  com- 
municated to  the  thoracic  wall.  The  resultant  thoracic  vibrations, 
and  not  the  fundamental  cardiac  vibrations,  are  heard  in  auscultation 
and  recorded  by  instrumental  means.  They  may  be  diflFerentiated 
by  the  term  thoracic  heart  sounds. 

In  studjong  the  causes,  characteristics  and  chronotropic  relations 
of  the  sounds  by  recording  mechanisms  it  is  important  to  have  accurate 
records  of  the  fundamental  vibrations.  It  is  questionable,  however, 
whether  the  vibrations  recorded  from  the  thoracic  wall  are  duplicates 
of  the  fimdamental  vibrations  originating  within  the  heart.  There 
are  theoretical  as  well  as  experimental  reasons  for  believing  that  \i- 
brations  may  be  deleted  or  added  to  the  fimdamental  vibrations  be- 
fore they  reach  the  receiver  placed  upon  the  chest.  As  the  amplitude 
of  sound  vibrations  decreases  directly  with  the  distance  that  they  are 
propagated,  it  is  conceivable  that  vibrations  of  small  amplitude  may 
fail  to  reach  the  thoracic  wall  or  become  too  small  to  be  recorded. 
The  extent  to  which  depression  occurs  in  the  apex  region  depends  on 
the  volume  of  inter\'^ening  lung,  which  varies  not  only  in  diflFerent  sub- 
jects but,  in  the  same  individual,  with  the  phases  of  respiration.  In 
this  way  Fahr  (1)  and  Battaerd  (2)  have  explained  the  frequent  varia- 
tions in  contom*  and  grouping  of  the  first  sound  vibrations  taken  from 
the  apex  region.     Owing  to  the  greater  distance  between  the  base  of 

476 


Digitized  by 


GoooIp 


NATURE  AND  TIME  BELATIONS  OP  HEART  SOUNDS       477 

the  ventricles  and  chest  wall,  even  larger  fundamental  vibrations  origi- 
nating in  the  aorta  and  pulmonary  artery  may  fail  to  reach  the  thoracic 
wall.  Consequently,  sound  vibrations  are  not  only  more  difficult  to 
record  from  the  second  interspaces  but  are  subject  to  even  greater 
variation  in  grouping  and  contour  (2). 

Vibrations  may  be  added  to  the  fundamental  vibrations  in  several 
dififerent  ways.  In  the  first  place,  adventitious  respiratory  sounds 
may  be  incorporated  with  the  fundamental  vibrations.  This  may 
occur  even  during  expiratory  apnea  for  each  change  in  the  volume  and 
position  of  the  ventricles  exerts  a  cardio-pneumatic  eflFect  on  the  lungs 
capable  of  creating  sound  vibrations  within  lung  tissue.  In  the  second 
place,  the  thoracic  wall  may  be  thrown  into  vibration  by  mechanical 
impacts,  as  is  well  known  to  be  the  case  in  thoracic  percussion.  Con- 
ditions for  inaugurating  such  an  inherent  vibration  of  the  chest  wall 
are  especially  favorable  at  the  onset  of  ventricular  systole  (i.e.,  dur- 
ing the  first  sound)  owing  to  the  fact  that  at  this  time  the  ventricular 
apex  gives  an  impact  to  the  thorax.  How  important  this  factor  is 
can  not  be  established  until  the  vibration  frequency  and  decrement 
of  the  inherent  thoracic  vibrations  are  known.  That  it  varies  greatly 
with  the  type  of  thorax  and  vigor  of  the  apex  impulse  must  be  logically 
conceded. 

Finally,  the  relative  amplitude  of  the  transmitted  fundamental 
vibrations  may  be  altered.  The  heart  sounds  are  composed  of  vibra- 
tions varying  greatly  in  their  individual  periods.  The  air-containing 
thorax,  which  acts  as  a  resonator,  may  therefore  intensify  the  ampli- 
tude of  those  vibrations  with  which  it  is  capable  of  vibrating  in  unison 
and  reproduce  them  out  of  proportion  to  other  vibrations  which  differ 
essentially  from  the  inherent  thoracic  period.  In  these  ways  the  con- 
figuration of  the  sound  groups  may  be  altered  or  certain  waves  entirely 
repressed. 

II.   METHOD   OP  RECORDING   PUNDAMENTAL  HEART   SOUNDS 

In  order  to  study  the  fundamental  heart  sounds  as  they  occur  in 
the  heart,  we  devised  a  sound  transmitter  capable  of  picking  up  the 
soimd  vibrations  from  any  point  of  the  exposed  heart  and  transmit- 
ting them  to  a  sensitive  recording  membrane. 

The  idea  of  our  sound  transmitter  was  suggested  through  the  pre- 
vious use  of  a  miniature  myocardiograph  described  elsewhere  by  one 
of  us  (3).     Records  taken  with  this  apparatus  from  the  contracting 
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auricle  often  gave  an  indication  of  sound  vibrations  superimposed  on 
the  myogram  curve.  When  such  a  myocardiograph  was  connected 
to  a  very  sensitive  recording  capsule  and  a  side  tube  in  the  system  was 
left  open,  sound  vibrations  were  recorded  from  any  portion  of  the 
heart.  In  order  to  eliminate  to  a  considerable  extent  the  myogram 
element,  the  use  of  the  fixed  arm  was  discontinued,  the  apparatus  being 
attached  to  the  heart  by  the  movable  arm  alone.  In  order  to  in- 
crease the  inherent  frequency,  the  segment  capsule  to  which  the  mov- 
able limb  was  attached  was  covered  by  tensely  drawn,  heavy  rubber 

dam.     Thus   transformed, 
A  B  the  apparatus   shows    the 

essential  parts  diagrammat- 
ically  illustrated  in  figure 
lA.  The  arm,  a,  is  fastened 
by  a  stitch  to  any  portion  of 
the  heart;  e.g.,  ventricle, 
auricle  or  aorta.  Several  of 
these  instnmients  may  be 
appUed  simultaneously  to 
the  heart  in  this  way,  the 
only  limitation  in  number 
being  that  contact  of  the 
different  transmitters  with 
each  other  or  with  other 
apparatus  must  be  avoided. 
The  sound  transmitter  is 
connected  by  soft  rubber 
tubing  about  30  cm.  long* 
with  a  Frank  capsule  which 
is  10  mm.  in  diameter  and 
covered  with  a  delicate  rubber  film.  This  film  is  made  by  passing  the 
opening  of  the  capsule  through  a  strand  of  rubber  cement  and  subse- 
quently stretching  the  partially  dried  film  in  order  to  render  it  tense. 
Before  the  film  has  completely  dried,  a  tiny  mirror  (1  to  2  mm.  square)  is 
placed  upon  it  and  allowed  to  adhere.  Such  a  membrane  exposed 
to  the  air  is  responsive  not  only  to  sound  vibrations  communicated 
by  the  tube,  d,  but  is  so  sensitive  to  accidental  sound  waves  which 
impinge  upon  the  side  exposed  to  the  room  that,  at  certain  times,  it 

*  This  short  tube  introduced  a  delay  of  only  0.00009  seconds  in  sound  trans- 
mission. 


Fig.  1.  Diagram  showing  essential  parts  of 
sound  recording  apparatus.  A,  sound  transmit- 
ter; a,  arm  stitched  to  heart  and  communicating 
with  diaphragm,  b;  B,  protected  recording  cap- 
sule; d,  receiving  tube  with  side  opening,  e,  to 
eliminate  mechanical  variations  in  the  system; 
ff  rubber  film,  supporting  mirror,  m.  Capsule  is 
inclosed  by  housing  with  front  plane  window, 
Qf  and  a  vent,  o,  for  equalizing  pressures  on 
membrane. 
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is  almost  impossible  to  obtain  clear  heart  somid  records.  To  obviate 
this  objection,  our  earlier  experiments  were  carried  on  only  at  night 
when  accidental  noises  were  reduced  to  a  minimum.  Recently,  it  has 
been  found  possible,  however,  to  modify  the  apparatus  in  such  a  way 
that  it  does  not  respond  to  accidental  room  vibrations  of  considerable 
intensity.  This  modification  consists  in  inclosing  the  membrane  by 
a  housing,  g,  having  a  front  window  of  perfectly  plain  glass.  In  this 
housing  is  a  conical  vent,  o,  tapering  exteriorly  to  an  aperture  only 
1  mm.  in  diameter.  This  is  sufficient  to  equalize  the  slight  pressiu^ 
variations  within  the  housing  but  prevents  the  entrance  of  extraneous 
soimd  vibrations. 

ni.  THE  EFFICIENCY  AND  LIMITATIONS  OF  THE   SOUND  RECORDING 

MECHANISM 

It  is  of  primary  importance  to  determine  whether  the  sound  record- 
ing system  utilized  is  capable  of  responding  faithfully  to  all  the  sound 
vibrations  that  may  originate  within  the  heart  and,  above  all,  to  satisfy 
ourselves  that  the  errors  attributed  to  the  interposition  of  the  thoracic 
wall  are  not  reduplicated  by  the  recording  system.  In  relation  to  this 
question  the  vibration  frequency  is  of  paramount  interest.  The  com- 
plete system  had  a  vibration  frequency  ranging  from  150  to  250  per 
second,  depending  on  the  tension  of  the  rubber  stretched  over  the  trans- 
mitter, as  well  as  on  the  tension  given  the  rubber  film  of  the  record- 
ing capsule.  Care  was  taken  that  the  frequency  did  not  fall  below 
the  former  figure  but  it  was  not  technically  possible  at  the  time  these 
experiments  were  made  to  increase  the  frequency  above  250  per  second. 
While  such  a  system  is  capable  of  giving  an  indication  of  vibrations 
occurring  at  any  frequency  not  exceeding  its  inherent  rate,  it  is  not 
capable  of  vibrating  with  an  amplitude  devoid  of  resonance  eflfects 
when  the  frequency  exceeds  about  100  per  second.  This  was  established 
by  its  ability  to  record  tuning-fork  vibrations  of  diflferent  amplitude 
and  period. 

A  consideration  of  the  average  frequency  of  the  sound  waves  re- 
corded from  man  up  to  the  time  that  this  research  was  inaugurated, 
led  to  the  conclusion  that  the  sounds  of  the  heart  are  composed  of  vi- 
brations having  a  frequency  less  than  100  per  second.  Thus,  Ger- 
hartz  (4)  calculated  that  the  average  frequency  of  the  fii^st  sound  in 
Elinthoven's  curves  was  39.4  and  of  the  second  sound,  47.5  per  second, 
while  Einthoven  (5)  himself  gave  50  per  second  as  the  frequency  of 
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the  third  sound.  Frank  (6)  and  Lewis  (7)  found  that  the  average 
frequency  of  the  two  sounds  approximated  40  per  second  although 
the  latter  observer  sometimes  foimd  frequencies  as  high  as  70  per 
second  for  the  first,  and  86  per  second  for  the  second  sound.  Conse- 
quently, at  the  time  these  experiments  were  imdei-taken,  we  were 
under  the  impression  that  these  capsules  were  capable  of  recording 
without  error  all  the  individual  vibrations  occurring  within  the  heart. 

Recently,  Battaerd  (2)  has  found  that  some  of  the  sound  vibrations 
taken  from  man  by  a  galvanometer  string  capable  of  vibrating  3000 
times  per  second  have  a  period  as  short  as  0.001  second.  It  is  quite 
evident  that  our  capsules  are  entirely  incapable  of  responding  to  vi- 
brations even  approximating  such  a  fi^e.  It  may  be  emphasized, 
therefore,  that  our  description  of  the  vibrations  occurring  within  the 
heart  is  limited  to  the  predominant  vibrations  of  longer  period.  Whether 
additional  vibrations  of  shorter  period  actually  exist  within  the  heart 
or  whether  the  short  vibrations  found  in  the  thoracic  sounds  by  Battaerd 
are  due  to  overtones  or  harmonics  originating  in  the  thoracic  cavity, 
must  be  subsequently  determined  by  other  methods. 

After  considerable  experimentation  we  came  to  the  conclusion  that 
it  is  unwise  to  adopt  special  means  of  increasing  the  damping  of  the 
capsules.  Consequently,  they  are  not  quite  aperiodic.  This  intro- 
duces the  possibility  that  any  sudden,  mechanical  impact  derived 
from  the  heart  may  set  the  system  into  vibration  at  its  own  inherent 
rate.  Experimental  tests,  however,  indicate  that  this  does  not  occur 
when  an  adequate  side  opening  is  maintained  in  the  system.  A  sound 
transmitter  was  attached  by  a  thread  to  a  100  per  second  tuning-fork 
which  was  so  mounted  that  its  movements  were  simultaneously  re- 
corded with  the  corresponding  vibrations  of  Ihe  optical  capsule.  If 
the  vibrating  tuning-fork  was  then  rapidly  moved  through  a  distance 
much  greater  than  is  possible  when  attached  to  the  heart  no  inherent 
vibrations  were  added  to  the  sound  record  and  the  periods  of  vibra- 
tions remained  unaltered,  the  only  change  being  a  modification  of  the 
relative  amplitude  of  the  recorded  sounds  (fig.  2).  This  may  be  ex- 
plained by  the  fact  that  the  decremental  quotient^  of  the  inherent 
vibrations  was  favorable.  Thus,  in  a  typical  experiment  the  quo- 
tients 1.54,  1.33,  1.33,  1.37,  1.23,  1.41  and  1.5  (average  1.38)  were 
found  in  comparisons  of  successive  vibration  phases.    The  average 

*  By  the  decremental  quotient  is  understood  the  quotient  obtained  by  divid- 
ing the  amplitude  of  any  vibration  phase  by  the  amplitude  of  the  next  vibra- 
tion phase. 
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quotients  found  in  the  capsules  used  at  different  times  ranged  from  1.2 
to  1.48. 

In  addition  to  these  instrumental  checks  upon  the  efficiency  of  the 
apparatus,  many  precautions  were  taken  during  the  experunents  in 
order  to  prevent  the  communication  of  accidental  vibrations  to  the 
transmitter  or  connecting  tubing.  The  soimd  transmitter  attached 
to  the  heart  was  suspended  by  its  horizontal  arm  through  a  ring  of 
very  thin  rubber,  which  enabled  the  entire  apparatus  to  follow  the 
movements  of  the  heart  readily  and  yet  give  the  swing  of  the  entire  in- 
strument a  very  long  period.  The  connecting  tube  was  similarly  sus- 
pended so  that  its  sway  also  had  a  low  frequency.     To  annul  vibra- 


I 


Fig.  2.  Curve  showing  the  effect  of  a  sudden  movement  of  a  vibrating  tun- 
ing fork  at  X  (lower  curve)  on  the  vibrations  recorded  by  an  optical  capsule 
(upper  curve). 

tions  of  pulmonary  origin  the  records  were  taken  during  the  apnea 
following  a  temporary  lull  in  artificial  respiration  during  which  phase 
the  lungs  were  completely  collapsed.  To  avoid  friction  rubs  of  the 
moving  heart,  this  organ  was  allowed  to  remain  intact  within  the  peri- 
cardium, a  small  window  only  being  cut  over  the  point  to  which  the 
arm  of  the  sound  transmitter  was  attached.  In  the  earlier  experi- 
ments the  entire  animal  and  operating  boards  were  also  suspended 
by  appropriate  springs  in  order  to  avoid  the  transmission  of  vibrations 
by  way  of  the  building.  This  precaution  was  later  found  to  be  un- 
necessary since  these  vibrations  apparently  are  damped  by  the  resiliency 
of  the  animal's  own  body. 

Finally,  the  efficiency  of  the  system  was  checked  by  auscultation 
just  before  records  were  taken.  If  a  stethoscope  is  connected  with 
the  sound  transmitter  each  sound  has  a  quality  not  unlike  that  heard 
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over  the  thoracic  wall.  Records  were  taken  only  when  the  sounds 
were  clear  and  free  from  friction  rubs  or  other  accessory  noises.  In 
one  instance  the  records  obtained  by  the  optical  capsules  were  also 
compared  with  those  obtained  by  substituting  a  microphone  circuit 
connected  with  a  highly  damped  galvanometer  string  capable  of  vi- 
brating approximately  1000  times  per  second.  The  similarity  of  the 
curves  gave  final  evidence  of  the  adequacy  of  the  recording  mechanism 
for  studying  the  fundamental  heart  sounds. 

IV.   THE    COMPONENTS   OF  THE   FUNDAMENTAL   HEART  SOUNDS  AND 
THEIR  TIME   RELATIONS 

The  sound  vibrations  responsible  for  the  fundamental  heart  sounds 
heard  on  auscultation  were  recorded  from  different  areas  of  the  heart 
and  large  vessels  in  twenty-two  dogs.  In  each  case  both  the  dynamic 
condition  of  the  heart  and  the  total  peripheral  resistance  were  varied 
experimentally  in  order  to  preclude  the  possibility  that  the  recorded 
vibrations  might  not  correspond  to  those  found  in  the  mtact  heart. 
Records  were  also  obtained  with  recording  capsules  varying  in  their 
sensitivity  and  by  communicating  systems  with  different  degrees  of 
lateral  opening.  When  sound  vibrations  from  different  cardiac  re- 
gions were  simultaneously  recorded  the  capsules  were  repeatedly  inter- 
changed. These  precautions  were  taken  in  order  to  discount  possible 
unrecognized  errors  in  the  apparatus  and  technic.  In  this  manner  a 
large  number  of  tracings  were  obtained  in  which  the  fundamental 
soimd  vibrations  were  compared  with  the  dynamic  and  electrical  changes 
in  the  heart.  It  is  our  purpose  in  this  paper  to  analyze  only  what 
may  be  regarded  as  the  normal  ventricular  and  aortic  sounds  from  the 
two  sides  of  the  heart. 

1.  The  analysis  of  sound  records.  The  vibrations  assembled  by  the 
sound  transmitter  attached  to  the  heart  are  a  mixture  of  mechanical 
impacts  and  sound  vibrations,  but  by  appropriately  adjusting  the 
lateral  opening  to  the  sensitiveness  of  the  recording  capsule,  a  differ- 
ential record  of  sound  vibrations  may  be  obtained.  The  accomplish- 
ment of  this  end  involves  the  same  principles  and  difficulties  that  are 
discussed  by  us  (8)  in  the  case  of  recording  sounds  from  the  thoracic 
wall.  It  is  not  always  possible,  therefore,  to  obtain  records  entirely 
free  from  mechanical  oscillations  while,  in  addition,  extraneous,  acci- 
dental vibrations  of  small  amplitude  may  recur  thi'oughout  the  cun^e 
in  spite  of  the  best  precautions.    This  may  be  illustrated  by  reference 
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to  the  illustrations  accompanying  this  article.  In  the  middle  curve 
of  figure  4,  almost  no  extraneous  vibrations  or  mechanical  variations 
are  introduced,  the  curve  presenting  a  pure  heart  soimd  record.  In 
the  upper  record  mechanical  variations  are  also  absent,  as  indicated 
by  the  straight  line  between  soimds.  There  are,  however,  a  number 
of  small  accidental  vibrations  labelled  x.  In  the  records  shown  in 
figure  5,  A  and  B,  the  curves  are  complicated  by  the  additional  presence 
of  grosser  mechanical  variations  which  owe  their  existence  to  the  fact 
that  the  lateral  opening  in  the  recording  system  was  not  quite  ade- 
quate. Until  it  becomes  technically  possible  to  obviate  these  distor- 
tions in  all  cases  the  eye  must  be  trained  to  distinguish  the  essential 
from  the  accidental  and  mechanical  vibrations,  much  as  the  ear  is 
trained  in  auscultation  to  disregard  soimds  for  which  it  is  not  listening. 

2.  The  components  of  the  first  ventricular  sound.  The  vibrations  re- 
corded from  diflferent  regions  of  the  right  and  left  ventricle  show  no 
essential  differences  (cf .  figs.  5  A  and  5  B) ;  hence,  they  may  be  referred 
to  in  common  as  the  ventricular  sounds. 

The  first  ventricular  soimd  is*  composed  of  a  series  of  five  to  thir- 
teen irregular  vibrations  the  periods  of  which  range  from  0.004  to  0.054 
second.  As  their  maximum  period  rarely  exceeds  0.024  second,  it 
is  doubtful  whether  vfbrations  of  longer  period  really  may  be  classed 
as  entering  into  the  soomd.  The  duration  of  the  soimd  varies  from 
0.05  to  0.152  second  (cf.  illustrations  and  table  1).  The  components 
of  the  first  soimd  are  clearly  discernible  upon  careful  inspection  of 
the  various  illustrations  in  spite  of  the  fact  that  they  were  somewhat 
reduced  in  size  during  their  reproduction.  The  sounds  are  shown  in 
enlarged  form  in  the  upper  record  of  figure  3.  The  sound  starts  with 
an  introductory  vibration^  A.  Occasionally  there  are  two  of  these 
vibrations  (cf.  figs.  5  and  6).  This  is  followed  by  a  group  of  five  or 
six  main  vibrations,  B,  the  onset  of  which  is  always  distinctly  indicated 
by  a  sharp  deflection  of  the  light  band,  either  in  an  upward  or  down- 
ward direction.  They  are  followed  by  a  group  of  final  vibrations, 
C,  varying  in  number. 

Both  the  number  and  individual  amplitudes  of  the  vibrations  in 
each  group  depend  on  the  vigor  of  ventricular  systole  but  their  period 
is  imaffected,  as  shown  in  the  two  segments  of  figure  4.  Segment  A 
shows  the  ventricular  sounds  recorded  shortly  after  exposing  the 
heart.  In  such  cases  the  effective  venous  pressure  and  the  arterial 
pressure  are  reduced;  consequently,  the  heart  is  somewhat  hypody- 
namic.     Nevertheless,  the  sounds  on  auscultation  are  clear  and  dis- 
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tinct  and  equal  in  intensity  those  normally  heard  over  the  chest  wall. 
The  recorded  vibrations  are  few  in  number  but  comprise  all  the  com- 
ponents of  the  first  soimd.  They  start  with  an  introductory  rue,  A, 
followed  by  a  group  of  four  or  five  main  oscillations,  B,  and  a  few  final 
vibrations,  C,  discernible  by  very  careful  inspection.  Segment  B 
shows  a  similar  series  of  soimds  intensified  in  amplitude  owing  to  the 
stimulating  action  of  adrenalin  on  the  heart.  The  introductory  varia- 
tion, A,  is  larger,  the  main  oscillations,  B,  increase  both  in  number 
and  amplitude,  and  the  final  variations,  C,  become  distinct.  These 
three  components  which  have  been  designated  as  the  introdudory, 
the  main  and  the  final  vibrations,  respectively,  we  consider  charac- 
teristic of  fimdamental  ventricular  soimds.  The  introductory  vibra- 
tions may  be  entirely  lacking  even  during  vigorous  cardiac  action  and 
the  final  vibrations  are  wanting  in  essentially  hypodyiiamic  hearts. 
The  main  group  of  vibrations,  though  reduced  in  nimiber  of  individual 
waves,  is  the  last  to  persist  in  dying  hearts. 

A  few  words  must  be  incorporated  in  regard  to  certain  vibrations  preceding 
the  main  group  in  phonocardiograms  taken  from  the  apex  region  of  man.  Fahr 
(1)  described  these  variations  and  designated  them  the  "initial  variations/' 
Their  period  is  longpr  and  they  occur  0.02  to  0.04  second,  exceptionally  0.09  to 
0.10  second,  before  the  main  vibrations.  Similar  waves  are  recog;nized  in  trac- 
ings published  by  Bull  (9),  Battaerd  (2)  and  in  some  of  our  unpublished  tracings 
from  men.  We  are  in  doubt  whether  these  variations  correspond  to  our  intro- 
ductory variations  or  to  still  another  coarse  variation  sometimes  preceding  the 
introductory  rise.  Owing  to  this  imcertainty  we  have  employed  the  term  *  in- 
troductory" in  our  description  to  avoid  possible  confusion  in  the  future.  Of 
one  fact  we  are  certain — if  the  "initial  vibrations"  precede  our  "introductory 
variation"  they  are  presystolic  in  time  and  have  no  claim  to  being  a  part  of  the 
first  heart  sound. 


Fig.  3.  Records  of  ventricular  sounds  (upper  record)  and  aortic  sounds  (low- 
er record)  enlarged  three  times  from  original  and  showing  details  of  sound  vibra- 
tions. A,  introductory  vibrations;  B,  main  vibrations;  C,  final  vibrations  in 
ventricular  sound  record;  Ci,  first  component;  d,  second  component  of  main 
vibrations  in  aortic  record;  2S,  second  soimd. 

Fig.  4.  Two  segments  of  a  record  showing  aortic  soimds  (upper  curve), 
right  ventricular  sounds  (middle  curve)  and  their  relation  to  the  electrocardio- 
gram, Lead  II.  A,  during  hypodynamic  heart  action  consequent  to  opening 
chest;  B,  during  action  of  adrenalin  (one-half  actual  size).  P,  relative  align- 
ment of  points;  Xj  accidental  vibrations;  Si,  first  sound;  iSj,  second  sound; 
Af  introductory  vibration;  B,  main  vibrations;  C,  final  vibrations  of  ventricular 
first  sound;  Ci,  first  component;  Ci,  second  component  of  first  aortic  sound. 
Ink  lines  show  synchronous  points  on  three  curves. 
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S,  The  relations  of  the  components  of  the  first  ventricular  sound  to 
dynamic  events.  As  the  nature  and  number  of  introductory  vibrations 
varies  in  different  records  of  the  first  sound,  it  is  of  prime  importance 
to  determine  what  point  may  be  taken  as  the  beginning  of  the  first 
soimd.  This  question  is  of  more  than  academic  interest,  involving, 
as  it  does,  the  relation  of  sounds  to  other  events,  and  the  point  that 
may  be  taken  as  a  criterion  of  the  beginning  of  ventricular  systole. 
These  questions  may  be  analyzed  by  a  careful  comparison  of  the  three 
components  of  the  first  sound  with  the  dynamic  events  of  the  cardiac 
cycle. 

The  relation  of  the  first  sound  to  the  intraventricular  pressure  re- 
corded by  an  optical  manometer  described  by  one  of  us  is  shown  in 
the  records  of  figure  5  taken  from  three  different  experiments.  The 
relations  are  indicated  by  corresponding  lines  corrected  for  slight 
errors  in  the  vertical  alignment  of  apparatus.  The  introductory  vibra- 
tion, begins  a  trifle  (average  0.018  second),  but  distinctly  before  the 
rise  of  intraventricular  pressure  (lines  1,  2).  This  is  true  of  the 
right  as  well  as  the  left  ventricle.  The  main  vibrations  begin  almost 
synchronously  with  the  rise  of  intraventricular  pressure  (lines  3). 
They  reach  their  greatest  amplitude  before  the  ejection  period  begins 
(lines  4).  The  fin^  vibrations  occur  during  the  early  portion  of  the 
ejection  period.  Recorded  synchronously  with  the  aortic  pressure 
(fig.  6)  it  is  found  by  measurement  that  the  introductory  variations 
precede  the  prehminary  rise  of  arterial  pressure  described  by  Frank 
by  0.025  to  0.05  second  (lines  1).  The  main  oscillations  begin  with  or 
very  shortly  after  the  rise  of  this  preUminary  variation  (lines  3);  i.e., 
during  the  isometric  period  of  the  ventricle.^ 

The  vibrations  attain  their  maximum  amplitude  (lines  4)  just  be- 
fore the  aortic  pressure  begins  to  rise,  showing  that  they  diminish 
rapidly  as  soon  as  ejection  occurs.  The  final  vibrations  appear  dur- 
ing the  rise  of  the  primary  wave  of  aortic  pressure  but  end  shortly 
after  its  summit  is  reached  (lines  5). 

A  comparison  of  the  first  sound  with  the  right  auricular  myogram 
(fig.  7)  shows  that  the  introductory  vibration  begins  a  short  interval 
(average  0.018  second)  after  the  termination  of  auricular  systole, 
as  indicated  by  the  apex  of  the  auricular  myogram. 

Two  facts  are  evident;  first,  that  the  introductory  vibration  or 

*  The  exact  relation  of  the  introductory  vibrations  is  often  difficult  to  de- 
tennine,  owing  to  the  small  size  of  the  preliminary  vibration. 


Digitized  by 


Google 


490 


CARL  J.  WIGGERS  AND  ARCHIE  L.  DEAN,  JR. 


B 


Fig.  6.  Two  segpients  of  a  record  showing  time  relations  of  diflFerent  com- 
ponents of  the  aortic  sounds  (upper  curve)  and  right  ventricular  sounds  (middle 
curve)  to  intra-aortic  pressure  (lower  curve).  (One-half  actual  size.)  A,  during 
hypodynamic  cardiac  action;  B,  after  compression  of  aorta;  other  numerals  and 
letters  same  as  before.  M,  preliminary  vibration;  N,  primary  oscillation;  0, 
incisura  of  aortic  curve. 


Timt   anic 


Si 


Fig.  7.  Segment  of  record  showing  relation  of  first  right  ventricular  sound 
to  end  of  auricular  systole,  as  indicated  by  apex  of  auricular  myogram  (upper 
curve);  second  sound  accentuated.     (About  three-fourths  actual  size.) 
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vibrations  occur  during  auricular  relaxation  and  a  variable,  though 
short,  interval  before  the  rise  of  intraventricular  pressure;  and  second, 
that  the  main  vibrations,  whether  they  begin  with  an  upward  or  down- 
ward movement,  coincide  with  the  first  rise  of  intraventricular  pres- 
sure. Either  one  of  two  conclusions  may  be  drawn:  (1)  That  the 
ventricular  muscle  gives  evidence  of  contraction  by  an  introductory 
soimd  vibration  before  it  is  capable  of  elevating  the  intraventricular 
pressure;  or  (2)  that  the  introductory  sound  vibration  does  not  repre- 
sent the  onset  of  ventricular  systole.  We  have  no  evidence  enabling 
us  to  decide  between  these  alternative  conclusions.  Inasmuch  as 
the  onset  of  the  introductory  vibrations  is  so  variable  and  so  frequently 
absent  in  records  from  the  thoracic  wall,  and  inasmuch  as  the  onset 
of  the  main  oscillations  is  so  precisely  related  to  a  definite  dynamic 
event;  viz.,  the  rise  of  intraventricular  pressure,  we  propose  to  utilize 
the  first  of  these  main  oscillations  in  time  comparisons. 

4.  The  rdaUon  of  the  first  sound  vibrations  to  the  elecirocardiogram, 
Lead  II.  The  relation  of  the  main  vibrations  of  the  thoracic  sounds 
to  the  waves  of  the  electrocardiogram  have  been  frequently  studied. 
Kahn  (10),  utilizing  Weiss 's  phonoscope,  found  that  these  vibrations 
began  during  the  descending  limb  of  R,i  or  0.0 1  second  before  its  com- 
pletion. Bull's  results  (9)  are  essentially  in  agreement.  He  found 
that  the  first  sound  began  0.03  to  0.04  second  after  the  rise  of  the  R 
wave;  i.e.,  near  its  completion.  According  to  Battaerd  (2)  the  first 
sound  follows  the  rise  of  R„  by  0.02  to  0.065  second,  the  interval  ap- 
parently depending  on  the  intensity  of  the  sound  and  the  sensitiveness 
of  the  microphone  transformer.  The  results  of  Lewis  (7)  and  Fahr 
(1)  are  in  essential  agreement  but  Fahr  considers  the  initial  vibration 
as  indicative  of  the  onset  of  ventricular  systole,  thereby  placing  this 
event  on  the  ascending  limb  of  R„  and  occasionally,  it  must  be  confessed, 
even  before  the  rise  of  R„  (cf.  fig.  3  in  his  article).  Records  taken  by 
Williams  (personal  communication)  indicate  that  the  onset  of  the  main 
oscillations  may  begin  near  the  R„  peak;  i.e.,  0.025  second  after  the 
onset  of  R„. 

A  study  of  our  records  of  the  fundamental  sounds  (cf.  fig.  4)  shows 
that  the  introductory  variations  begin  0.01  to  0.02  second  after  the 
rise  of  R„;  i.e.,  on  the  ascending  limb.  The  main  oscillations,  how- 
ever, never  begin  before  the  peak  of  R„  has  been  reached.  They  oc- 
cur from  0.03  to  0.045  second  after  the  onset  of  R„;  i.e.,  on  the  descend- 
ing limb  or  after  its  completion, 

5.  The  characteristics  of  the  second  ventricular  sound.    The  second 
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ventricular  sound,  when  compared  to  the  first,  is  composed  of  a  much 
simpler  set  of  vibrations  (fig.  3),  averaging  two  to  six  in  number  and 
lasting  0.015  to  0.056  second.  The  ratio  to  the  duration  of  the  first 
sound  varies  from  1 :  1.7  to  1:5.5  (table  1).  The  vibrations  rapidly 
reach  a  maximmn  and  show  a  rapid  decrement.  Their  number  and 
amplitude  depend  on  the  vigor  of  ventricular  systole  (fig.  4)  as  well 
as  on  the  height  of  diastolic  pressure  (fig.  6).  Their  period  is  quite 
constant  in  each  case  and  varies  from  0.007  to  0.0125  second  in  differ- 
ent animals,  as  shown  in  table  1. 

The  maximal  amplitude  of  the  second  vibration,  as  a  rule,  is  less 
than  that  of  the  correspondmg  first  sound  (figs.  3  and  4,  A)  but  when 
arterial  pressure  is  greatly  increased,  as  during  the  action  of  adrenalin 
(fig.  4,  B)  or  on  compression  of  the  aorta  (fig.  6),  it  may  very  nearly 
equal  that  of  the  first  sound.  Upon  auscultation  a  distinctly  accen- 
tuated second  sound  is  heard  (cf.  also  fig.  7,  in  which  an  accentuation 
of  the  second  sound  was  a  natural  occurrence). 

In  some  cases  the  vibrations  of  the  second  sound  are  barely  recogni- 
zable. This  occurs  in  some  cases  when  cardiac  action,  as  indicated  by 
the  contoiu"  of  the  intraventricular  curve,  is  apparently  normal.  This 
is  the  case  in  figure  5  A,  when  the  second  sound  is  hardly  indicated 
in  spite  of  considerable  closure  of  the  transmitting  system.  In  such 
cases  they  become  more  distinct  again  after  the  administration  of 
adrenalin. 

6,  The  time  relations  of  the  second  ventricular  sound.  Figures  5  A, 
B  show  clearly  the  relation  of  the  second  sound  to  the  intraventricular 
pressure  curve.  The  vibrations  of  the  second  sound  begin  an  ex- 
tremely short  interval  after  the  pressure  begins  to  fall  in  the  relaxa- 
tion period.  Comparison  with  the  aortic  pressure  curve  (fig.  6)  con- 
firm these  relations.  The  first  vibration  of  the  second  sound  corres- 
ponds very  nearly  to  the  beginning  of  the  incisura  (lines  6).  The  vi- 
brations are  completed  0.015  to  0.025  second  after  the  bottom  of  the 
incisura  is  reached.  Comparison  with  intra-auricular  pressure  cur\'es 
showing  a  fall  of  pressiu-e  early  in  ventricular  diastole  (fig.  8)  indi- 
cates that  the  second  sound  precedes  this  fall  by  0.06  to  0.08  second 
(lines  6,  7). 

The  relation  of  the  second  ventricular  sound  to  the  T  wave  was 
found  to  be  extremely  variable.  Occasionally  the  onset  corresponded 
with  remarkable  precision  to  the  end  of  the  T  wave  (figs.  4  A,  9).  At 
other  times  it  began  before  this  wave  had  reached  its  end.  When 
the  T  wave  is  negative,  as  after  the  administration  of  adrenalin,  tlie 
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second  sound  may  begin  before  the  trough  of  the  T  wave  is  reached 
(fig.  4  B).  This,  it  may  be  added,  occurred  in  spite  of  a  shortening 
of  the  R-T  intei-val. 

7.  The  compone7its  of  the  first  aortic  sound  and  their  time  relations. 
The  first  sound  recorded  directly  from  the  aorta  or  pulmonary  artery 
as  a  nile,  contains  more  vibrations  than  the  corresponding  first  ventric- 
ular sound.  Its  duration  varies  from  0.028  to  0.15  second  (table  2). 
In  some  records  the  configuration  of  the  first  aortic  sounds  does  not 
differ  essentially  from  that  of  the  first  ventricular  sounds  but  in  most 
records  essential  differences  exist  which  persist  upon  exchange  of  regis- 
tering capsules  (fig.  3).  The  aortic  vibrations,  like  those  from  the 
ventricle,  may  or  may  not  start  with  an  introductory  variation y  A.  It 
may  be  present  in  one  record  and  not  in  the  other  when  synchronously 
recorded.  Hence,  if  we  attempt  time  comparsions  between  the  two 
sounds  from  the  first  recorded  introductory  variation  discrepancies 
occur.  Following  the  introductory  variation  we  recognize  a  group 
of  large  oscillations  that  will  be  referred  to  as  the  first  component^  la- 
l)eled  Ci  in  figures  3  and  4.  These  oscillations  start  precisely  with 
the  main  vibrations  of  the  first  ventricular  sound.  The  time  relations 
established  for  the  latter,  therefore,  also  hold  for  the  first  aortic  sound. 
The  periods  of  this  component  do  not  correspond  vibration  for  vibra- 
tion with  the  ventricular  sound  (figs.  3,  4,  5  A,  6),  nor  is  the  maximum 
amplitude  reached  synchronously.  As  a  rule,  the  frequency  is  greater 
and  the  maximum  reached  earlier  in  the  aortic  curves  (fig.  3).  Fol- 
lowing these  vibrations  comes  a  second  component  (marked  C2  in  figs. 
3  and  4)  which  generally  reach  a  second  maximum  amplitude  during 
the  ejection  period.  This  is  shown  by  their  comparison  with  the  in- 
traventricular and  aortic  pressure  curves  (5  A  and  6,  lines  5).  In 
some  experiments  the  vibrations  of  the  second  component  are  con- 
tinuous with  those  of  the  first  component  (fig.  4  B)  but,  owing  to  the 
fact  that  two  distinct  sets  of  large  vibrations  occur  during  the  sound, 
they  give  it  a  configuration  essentially  different  from  the  first  ventric- 
ular sound.  A  peculiar  variation  of  this  component  is  found  in  some 
experiments;  viz.,  that  it  may  be  apparently  dissociated  from  the 
first  component  and  occur  as  an  isolated  set  of  vibrations  during  mid- 
systole  (figs.  3,  5  A);  in  other  words,  the  first  sound  is  reduplicated. 
Occasionally  it  is  displaced  so  late  into  systole  and  so  near  the  second 
sound  that  the  first  impression  is  one  of  a  reduplicated  second  sound, 
a  fact  rendered  improbable  by  its  time  relations  to  dynamic  events. 
Neither  the  cause  nor  the  significance  of  this  dissociation  is  clear. 
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The  possibility  must,  of  course,  be  borne  in  mind  that  in  such  cases 
the  dissociation  may  be  virtual  and  not  real,  that  between  these  com- 
ponents small  vibrations  exist  which  are  too  feeble  to  record.  The  sec- 
ond-component is  frequently  absent  in  records  from  the  pulmonary 
artery  but,  again,  may  be  as  prominent  as  that  of  the  aortic  record 
(fig.  3  C).  Of  the  influences  which  modify  the  vibrations  of  the  first 
aortic  sound  a  pimiber  may  be  noted.  Following  the  administration 
of  adrenalin,  during  asphyxia  and  after  aortic  compression  the  ampli- 
tudes of  both  components  increase  (figs.  4,  6,  9).  The  second  com- 
ponent is  entirely  absent  when  arterial  pressure  is  low  (fig.  8,  B).  In 
such  cases  it  may  frequently  become  prominent  upon  compression  of 
the  aorta  (fig.  6).  In  hypodjniamic  hearts  the  first  component  is 
smaller  in  amplitude  than  the  second,  giving  the  second  component  an 
accentuated  appearance.  Compression  of  the  aorta  and  administra- 
tion of  adrenalin  in  such  cases  intensify  the  first  component  and  re- 
establish the  usual  relations  in  amplitude. 

8.  The  characteristics  and  time  relations  of  the  second  aortic  sound. 
The  second  aortic  sound  consists  of  a  series  of  two  to  ten  large  decre- 
scendo  vibrations  (fig.  3) .  Its  duration  varies  from  0.018  to  0.072  second 
and  is,  therefore,  considerably  shorter  than  the  first  aortic  sound,  the 
ratios  of  the  two  soimds  var3ring  from  1:1  to  2: 1  (table  2).  Its  on- 
set coincides  with  the  second  ventricular  soimd,  indicating  the  begin- 
ning of  diastole,  as  shown  by  comparison  with  the  intraventricular 
and  arterial  pressure  curves  (figs.  5  A,  6).  The  relation  to  the  electro- 
cardiogram is  shown  in  figure  9. 

The  second  aortic  differs  from  the  second  ventricular  sound  in  that 
the  amplitude  of  its  vibrations  is  larger  than  those  of  the  second  ven- 
tricular soimd  and  usually  exceeds  those  of  the  first  aortic  soimd  (figs. 
3  and  4).  The  latter  fact  accords  with  auscultatory  findings — ^that  the 
second  arterial  is  louder  than  the  second  ventricular  sound.  This  re- 
lation is  not  always  found,  however.  The  first  aortic  sound  may  con- 
sist of  vibrations  greater  in  amplitude  than  those  of  the  second  sound. 
This  is  the  case  in  figure  6.  This  variation  can  not  be  attributed  solely 
to  variations  of  blood  pressure  because  the  ampUtude  of  the  pulmo- 
nary soimd  frequently  equals  that  of  the  aortic  sound  (fig.  5  C)  and 
certainly  the  inequality  of  pressure  in  the  two  systems  is  evident. 

SUMMARY 

In  order  to  investigate  the  nature,  causes,  variations  and  time  rela- 
tions of  the  heart  sounds  it  is  of  greatest  importance  to  record  accurately 
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the  fundamental  vibrations  that  arise  in  the  heart  and  large  vessels. 
For  a  number  of  reasons  it  is  questionable  whether  the  heart  sounds 
recorded  from  the  thoracic  wall  are  composed  of  vibrations  identical 
with  those  occurring  within  the  heart.  We  therefore  devised  a  new 
form  of  sound  transmitter  which  can  be  applied  to  any  spot  on  the  heart 
or  large  vessels  and  transmits  the  fundamental  sound  vibrations  to  a 
modified  form  of  Frank's  segment  capsule.  By  simultaneously  re- 
cording the  pressure  changes  within  the  auricles,  ventricles  and  aortae 
by  an  optical  manometer,  and  the  electrical  variations  of  the  heart 
by  Williams's  model  of  Einthoven's  string  galvanometer,  it  has  been 
possible  to  relate  precisely  the  fundamental  soimd  vibrations  to  the 
dynamic  and  electricaf  events  occurring  during  each  cardiac  cycle. 

The  first  ventricular  sound  so  recorded  may  be  described  as  con- 
sisting of  three  continuous  elements: 

1.  One  or  two  introductory  vibrations  which  begin  during  auricular 
relaxation,  precede  by  a  variable  interval  the  onset  oi  intraventricular 
pressure,  and  occur  during  the  rise  of  the  Rn  wave  of  the  electrocardio- 
gram. 

2.  The  nuiin  vibrations,  composed  of  seven  to  thirteen  vibrations 
of  irregular  period  and  amplitude  which  begin  with  the  onset  of  the 
pressure  rise  within  the  ventricle,  reach  their  maximum  during  the  iso- 
metric period  and  begin  on  the  descending  limb  of  the  Rn  wave  of  the 
electrocardiogram. 

3.  Three  to  six  fined  vibrations  which  occur  during  the  period  when 
the  ejection  of  blood  from  the  ventricle  takes  place  and  during  the  R-T 
interval  of  the  electrocardiogram. 

The  first  aortic  and  pulmonary  sounds  are  also  divisible  into  three 
components  which  do  not  correspond,  however,  in  period,  amplitude 
or  grouping  to  those  of  the  first  ventricular  sound  and,  consequently, 
give  the  curve  a  configuration  essentially  different  from  that  of  the 
first  ventricular  sound.    The  components  are: 

1.  One  or  two  introductory  vibrations  comparable  to  similar  vibra- 
tions in  the  first  ventricular  sound. 

2.  The  ** first  component^  ^  of  main  vibrations,  consisting  of  a  group  <rf 
vibrations  which  begin  ^rnchronously  with  the  main  vibrations  of 
the  first  ventricular  sound  and  reach  their  maximum  during  the  iso- 
metric period. 

3.  The  "second  component  of  main  vibrations,  occasionally  consecu- 
tive to  the  first  component  but  often  dissociated  from  it,  so  as  to  g^ve 
the  sound  a  reduplicated  character.    These  vibrations  occur  during 


Digitized  by 


Google 


NATUBE  AND  TIME  BELATIONS  OF  HEART  SOX7NDS  497 

the  ejection  period  of  the  ventricle  and  reach  a  maximum  amplitude 
during  a  variable  portion  of  this  period. 

The  second  soimds  from  both  the  arteries  and  ventricles  consist  of 
a  short,  simple  series  of  vibrations,  occurring  precisely  at  the  onset 
of  diastole,  as  evidenced  by  their  occurrence  at  the  beginning  of  the 
diastolic  fall  of  intraventricular  pressure  and  the  onset  of  the  aortic 
incisura.  They  precede  the  opening  of  the  a-v  valves  by  a  consider- 
able interval,  as  evidenced  by  their  comparisons  with  the  diastolic 
fall  of  pressure  in  the  auricle.  They  may,  but  do  not  necessarily  fol- 
low the  T„  wave  of  the  electrocardiogram.  The  second  aortic  and 
pulmonary  soimds  differ  from  the  synchronously  recorded  second  ven- 
tricular sounds  by  their  larger  amplitude  and  sometimes  by  the  greater 
nimiber  of  vibrations. 

It  would  be  possible,  and  perhaps  permissible,  to  construct  a  hypo- 
thetical explanation  as  to  the  causes  of  these  differences  in  the  funda- 
mental ventricular  and  aortic  soimds.  It  seems  preferable,  however, 
to  reserve  such  speculation  imtil  further  experimental  data  are  available. 
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THE  VASCXTLARITT  OF  THE  SIDNEYS  AND  INTB6TINE8  DURINO  SPLANCHNIC 

DEPRESSION 

Ptovided  that  currents  of  low  intensity  and  frequency  are  employed, 
the  stimulation  of  the  intact  thoracic  sympathetic,  greater  splanchnic 
or  abdominal  sympathetic  nerve,  invariably  leads  to  a  very  decisive  tsJl 
in  blood  pressure.  The  same  result  may  also  be  obtained  by  the  exci- 
tation of  the  central  end  of  one  or  the  other  of  these  nerves,  and  be- 
sides, this  reaction  does  not  disappear  after  the  opposite  thoracic  sym- 
pathetic, both  vagi  and  both  phrenic  nerves  have  been  cut  (I).  My 
attention  has  recently  been  called  to  a  preliminary  notice  of  Auer  and 
Meltzer  (2)  in  which  it  is  stated  that  the  electrical  stimulation  of  the 
central  end  of  the  splanchnic  nerve  causes  an  unmistakable  drop  in 
blood  pressure.  I  am  more  than  glad  to  permit  my  data  pertaioing  to 
tlus  point  to  serve  in  complete  confirmation  of  the  results  of  these 
authors. 

The  perseverance  of  the  depressor  action  of  the  thoracic  sympathetic 
nerve  and  its  branches  after  the  division  of  the  nerves  enumerated  pre- 
viously seems  to  show  that  this  reaction  is  participated  in  by  certain 
vascular  areas  which  are  not  xmder  the  direct  control  of  the  splanchnic 
system.  The  deduction  must  therefore  be  made  that  the  depression  is 
not  due  to  a  local  splanchnic  reflex,  but  is  dependent  upon  a  vaso-dila- 
tation  of  wide  extent.  This  assumption,  however,  does  not  preclude 
the  likelihood  that  the  blood  vessels  of  the  splanchnic  organs  ordinarily 
take  part  in  the  depression,  in  fact,  it  has  been  pointed  out  by  me  th%t 
they  do,  because  the  division  of  the  abdominal  nerves  diminishes  the 
intensity  of  the  reaction.  In  the  succeeding  pages  a  number  of  expei- 
ments  are  described  which  have  a  direct  bearing  upon  tlus  question. 

As  is  true  in  the  case  of  the  depressor  cordis,  the  circulation  of  the 
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abdominal  organs  may  be  affected  in  two*  ways,  namely,  actively  and 
passively.  Under  ordinary  conditions  of  experimentation,  however,  it 
is  quite  impossible  to  distinguish  between  these  reactions,  because  they 
coincide  in  time  and  their  general  ch^ucter  is  practicUly  the  same. 
Realizing  this  difficulty,  the  experiments  to  be  described  have  been 
conducted  in  such  a  way  as  to  enable  me  first  of  all  to  detect  the  latter 
t3rpe  of  changes.  Their  analysis  has  been  attempted  oncometrically  as 
well  as  by  the  direct  measurement  of  the  blood  supply  of  the  kichieys 
and  intestines.  To  begin  with,  however,  they  consisted  merely  in  the 
registration  of  the  volrmie  of  the  kidneys  while  stimulation  of  the  cen- 
tral end  of  one  or  the  other  thoracic  sympathetic  nerve  was  resorted  to. 
The  experiments  were  performed  upon  dogs,  ether  being  used  for  the 
narcosis.  The  left  femoral  artery  having  been  connected  with  a  mer- 
ciirial  manometer,  the  abdomen  was  opened  and  the  kidneys  isolated 
sufficiently  to  be  placed,  in  oncometers  later  on.  The  diaphragm  wai^ 
then  pierced  in  the  region  of  the  crura  so  that  shielded  electrodes  could 
be  applied  to  the  central  end  of  one  of  the  thoracic  sympathetic  nerves. 
The  stimulations  were  made  at  intervals,  a  Du  Bois-Ra3anond  coil  and 
three-volt  battery  being  made  use  of . 

The  possible  criticism  that  the  fall  in  blood  pressure  might  be  due  to 
a  local  splanchnic  reflex,  I  have  sought  to  meet  first  of  all  by  a  com- 
plete isolation  of  the  nerve  by  means  of  rubber  membrane.  Moreover, 
the  strength  of  the  current  was  always  so  slight  that  a  direct  stimula- 
tion of  neighboring  tissues  could  not  have  resulted.  In  many  cases  I 
have  separated  the  nerve  from  its  sinroundings  by  dividing  the  lower 
thoracic  roots  so  that  the  electrodes  could  be  applied  at  least  two 
inches  away  from  any  nervous  connections.  These  details  are  in  a  way 
self-understood  and  I  mention  them  merely  to  make  certain  of  this 
point. 

That  the  reaction  is  not  confined  to  local  vascular  areas  is  also  indi- 
cated by  the  general  course  of  the  blood  pressure  and  its  relation  to 
the  blood  supply  of  the  abdominal  organs.  In  amplification  of  this 
statement  attention  is  again  called  to  the  influence  which  the  division 
of  different  nerves  exerts  upon  this  reaction.  I  might  also  mention  that 
an  even  more  complete  isolation  of  the  splanchnic  organs  has  been  at- 
tempted in  several  instances  by  cutting  both  thoracic  sympathetic, 
both  vagi  and  phrenic  nerves  and  the  rami  connecting  the  lumbar  gang- 
lia with  the  spinal  cord.  Under  this  condition  the  excitation  of  the 
central  end  of  the  thoracic  sympathetic  nerve  gave  results  such  as  are 
illustrated  by  the  accompanying  figure  1.    Although  it  is  evident  that 
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Fig.  1.  Oncometric  tracings  of  the  kidneys  (LK  and  RK)  in  relation  with  gen- 
eral blood  pressure  (P).  Stimulation  of  the  central  end  of  the  right  thoracic  sym- 
pathetic nerve. 


Digitized  by 


Google 


DEPRESSOR  FUNCTION  OP  THORACIC  SYMPATHETIC  NERVE        601 

the  amplitude  of  the  fall  in  the  systemic  blood  pressure  is  scnnewhat 
diminished,  its  general  outline  is  xmchanged;  indeed,  a  certain  loss  in 
its  conspicuousness  is  to  be  expected,  owing  to  the  exclusion  of  the  ab- 
dominal organs  and  the  vascular  relaxation  following  the  division  of 
the  nerves  enumerated. 

As  far  as  the  vascularity,  of  the  kichieys  is  concerned  it  is  apparent 
that  it  is  wholly  subservient  to  the  arterial  driving  force.  With  the 
decline  in  the  general  pressure  the  volimie  of  the  kidneys  decreases, 
while  the  subsequent  reestablishment  of  normal  values  permits  the  on- 
cometer record  to  attain  the  level  previously  occupied  by  it.  The  step- 
like adjustment  of  the  latter,  so  clearly  marked  in  this  curve,  corre- 
sponds to  a  similar  accidental  gradation  of  the  blood  pressure.  It 
does  not  seem  to  have  a  deeper  cause,  because  the  division  of  the  nerves 
precludes  the  possibility  of  an  involvement  of  the  adrenal  bodies.  This 
point,  moreover,  has  been  definitely  settled  by  the  extirpation  of  these 
organs,  repeated  again  in  the  course  of  these  experiments. 

The  measurements  of  the  blood  supply  of  the  kidney  by  means  of 
the  stromuhr  have  led  to  results  which  closely  agree  with  those  just  de- 
scribed. In  illustration  of  this  statement  I  insert  in  this  place  a  limited 
number  of  phases  which  were  obtained  during  the  stimulation  of  the 
central  end  of  the  right  thoracic  sympathetic  nerve,  the  left  nerve,  as 
well  as  all  other  nervous,  connections,  having  been  left  intact  in  this 
animal.  The  stromuhr  (St)  was  inserted  in  the  left  renal  vein.  The 
pressure  prevailing  in  this  blood  vessel,  is  indicated  in  figure  2  by  the 
record  V  P,  directly  above  the  line  of  the  signal  marking  the  period  of 
stimulation  (A  to  B).  To  save  space  the  general  arterial  blood  pres- 
sure (AP)  has  been  adjusted  to  the  same  zero  line  as  the  venous  pres- 
sure. The  data  presented  in  the  succeeding  table  are  directly  transfer- 
able to  the  figure. 

A  comparison  of  the  values  of  the  blood  flow  obtained  during  the 
stimulation  with  those  immediately  preceding  and  following  this  peri- 
od, shows  very  clearly  that  the  drop  in  the  blood  pressure  is  associated 
with  a  pronounced  reduction  in  the  blood  supply  of  the  kidney.  Thus, 
we  observe  in  this  particular  case  that  the  normal  flow  of  2.59  cc.  in  a 
second  is  reduced,  subsequent  to  point  A,  to  1.60  cc.  in  a  second.  It  is 
also  evident  that  the  flow  gradually  increases  after  the  cessation  of  the 
stimulation;  in  fact,  the  readjustment  frequently  appears  even  before 
the  excitation  has  been  completed. 

These  results  quite  agree  with  those  obtained  with  the  aid  of  the  on- 
cometer.   Obviously,  therefore,  the  division  of  the  nerves  enumerated 
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previously,  brings  it  about  that  the  kidneys  meet  the  fall  in  the  blood 
pressure  in  a  perfectly  passive  manner.  A  slightly  different  picture  how- 
ever, is  obtained,  if  one  or  both  thoracic  sympathetic  nerves  are  left  in- 
tact. The  stimulation  of  one  or  the  other  of  these  nerves  then  induces  a 
fall  in  the  pressure  which,  to  begin  with,  is  characterized  by  a  certain 
active  resistance  on  the  part  of  these  organs.  Very  shortly,  however, 
the  loss  in  the  arterial  driving  force  renders  this  dilator  attempt  use- 
less and  the  volume  of  the  kidney  decreases  as  it  did  when  both 

TABLE  1 
Blood  supply  of  the  left  kidney 


NUIIBBB 

OF 
PHA8B 

TOTAL 
QUANTITT 
OF  BLOOD 

DUBATION 
OFPRA8B 

FLOW 

BLOOD 
PRBflSDRB 
ABTBBIAL 

PBOOBDUBB 

ce. 

tee. 

cc./see. 

mm.  Hg. 

29 

22.4 

9.2 

2.43 

102.5 

None 

30 

22.8 

9.1 

2.50 

31 

22.8 

9.0 

2.63 

32 

22.5 

9.0 

2.50 

33 

22.6 

9.2 

2.45 

103.5 

34 

22.0 

9.3 

2.36 

35 

23.1 

8.9 

2.69 

108.1 

36 

23.1 

9.8 

2.35 

67.8 

Stimulation:    central  end,  right 

37 

21.8 

13.6 

1.60 

63.0 

thoracic  sympathetic  nerve,  26 

38 

21.8 

12.3  * 

1.77 

76.0 

cm.,  26  seconds 

39 

23.0 

9.8 

2.34 

82.2 

40 

23.2 

9.0 

2.56 

41 

21.7 

8.1 

2.67 

92.5 

42 

21.8 

8.5 

2.56 

96.6 

43 

22.8 

8.5 

2.68 

44 

22.8 

8.8 

2.59 

89.5 

46 

21.0 

8.6 

2.44 

46 

21.0 

8.5 

2.47 

102.6 

nerves  were  divided.  This  activity  on  the  part  of  the  kidney  betrayed 
itself  in  the  curves  by  a  slight  rise  in  the  venous  pressure  coincident 
with  the  early  phase  of  the  fall  in  pressure.  The  most  probable  ex- 
planation of  this  lies  in  a  temporary  augmentation  of  the  flow  through 
this  organ  occasioned  by  a  dilation  of  the  renal  blood  vessels.  In  gen- 
eral, however,  it  holds  true  that  a  fall  in  blood  pressure  and  a  diminution 
in  the  blood  supply  of  the  kidney  result  (a)  when  the  intact  right  or 
left  sympathetic  chain  is  stimulated,  (b)  when  only  one  of  these  nerves 
is  left  intact  and  the  central  end  of  the  other  is  subjected  to  the  excita- 
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tion  and  (c)  when  under  precisely  the  same  condition  the  vagi,  phrenic 
and  lumbar  nerves  are  divided  in  addition  to  the  sympathetic. 

It  has  been  brought  out  quite  clearly  by  Bradford  (3)  that  the  stimu- 
lation of  the  distal  end  of  the  splanchnic  nerve  with  currents  of  low 
frequency  and  strength  gives  rise  to  a  slight  fall  in  blood  pressure  which 
is  accompanied  by  a  shrinkage  of  the  kidney.  It  is  concluded  by  this 
author  that  this  result  is  dependent  upon  a  peripheral  effect  and  not 
upon  a  reflex  excitation,  and  hence,  it  must  be  attained  with  the  help 
of  certain  efferent  components  of  this  nerve.  It  is  also  assumed  that 
this  shrinkage  of  the  kidney  is  a  passive  phenomenon,  made  possible  by 
dilatations  in  other  parts  of  the  body  and  especially  in  the  intestines. 
Obviously,  therefore,  the  latter  organ  must  act  as  a  compensatory  vas- 
cular area,  the  relaxation  of  which  causes  a  withdrawal  of  blood  from 
the  renal  circuits  and  a  loss  in  the  voliuue  of  these  organs. 

In  order  to  test  the  validity  of  this  statement,  I  repeated  the  experi- 
ments described  previously  after  the  mesenteric  arteries  and  veins  had 
been  ligated.  As  the  results  differ  in  no  way  from  those  obtained  be- 
fore the  exclusion  of  the  intestines,  the  inference'  seems  justified  that  the 
shrinkage  of  the  kidney  is  not  necessarily  dependent  upon  a  dilaticm  ct 
the  intestinal  blood  vessels.  In  fact,  in  accordance  with  the  preceding 
statement  that  the  fall  in  blood  pressure  persists  even  after  the  divi- 
sion of  both  thoracic  sympathetic,  vagi  and  lumbar  nerves,  the  con- 
clusion must  be  drawn  that  the  dilatation  also  affects  certain  blood  ves- 
sels which  are  not  innervated  by  the  splanchnic  system.  This  reaction, 
therefore,  is  brought  about  reflexly  through  the  intervention  of  the 
spinal  cord  and  higher  centers  and  is  not  due  to  a  direct  peripheral  ef- 
fect in  the  sense  of  Bradford.  Owing  to  the  mode  of  preparation,  this 
conclusion  is  self  evident. 

In  the  natiu'e  of  things,  the  only  local  reflex  to  which  the  reactions 
just  mentioned  could  be  ascribed,  would  be  a  vaso-dilation  in  the 
realm  of  the  splanchnic  organs.  We  have  seen  that  the  kidney  is  not 
affected  in  this  way,  and  even  if  the  blood  vessels  of  this  organ  did  at- 
tempt to  dilate,  its  shrinkage  is  suflScient  proof  of  the  fact  that  the  fall 
in  the  systemic  pressure  quite  offsets  the  dilatation.  In  the  second 
place,  the  results  of  the  exclusion  of  the  intestinal  blood  vessels  tend  to 
show  that  the  volumetric  decrease  of  the  kidney  is  not  accomplished  by 
a  compensatory  transfer  of  blood  into  the  vascular  channels  of  the 
intestines. 

This  fact  I  have  sought  to  establish  more  thoroughly  by  comparing 
the  blood  flow  through  the  intestines  before  the  excitation  of  the  cen- 
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tral  end  of  the  thoracic  sympathetic  nerve  with  that  prevailing  during 
the  Stimulation.  The  experimental  procedure  here  followed  was  the 
same  as  that  made  use  of  in  the  case  of  the  kidney.  It  should  be  men- 
tioned, however,  that  the  stromuhr  (4)  was  inserted  in  the  mesenteric 
vein  at  its  junction  with  the  vena  gastro-Uenalis.  The  venous  pres- 
sure was  recorded  by  a  m^nbrane  manometer  which  communicated 
with  the  distal  cannula  of  the  stfomuhr. 
With  the  exception  of  the  greater  volimie  of  the  flow,  these  records 

TABLE  2 

Blood  supply  of  the  intestines 


NUMBBB 

OP 

PHASB 

TOTAL 

QVAsmr 

OP  BLOOD 

DT7BATION 
OPPHASB 

BLOOD 
PLOW 

FBBMUmB 
ABTBBIAL 

FBOCBDUBB 

ee. 

Me. 

ee./s0e. 

mm.  Hg. 

9 

20.8 

6.0 

3.46 

95.4 

None 

10 

20.5 

6.4 

3.20 

• 

11 

20.6 

6.6 

3.12 

12 

20.4 

5.8 

3.51 

97.0 

13 

21.4 

6.0 

3.56 

14 

21.4 

6.4 

3.32 

15 

20.7 

6.0 

3.45 

96.5 

16 

20.5 

14.0 

1.46 

54.9 

Stimulation:   central  end,  right 

17 

20.3 

13.0 

1.56 

50.1 

thoracic  sympathetic  nerve,  25 

18 

20.3 

9.6 

2.11 

58.8 

cm.,  20  seconds 

19 

2i.0 

9.0 

2.33 

80.0 

20 

20.0 

7.6 

2.63 

21 

21.2 

7.2 

2.94 

86.4 

22 

21.2 

6.4 

3.47 

98.0 

23 

20.5 

6.0 

3.41 

24 

21.0 

6.2 

3.38 

25 

21.0 

5.9 

3.55 

97.5 

26 

20.6 

6.2 

3.32 

agree  perfectly  with  the  one  portrayed  in  figure  2.  For  this  reason,  it 
may  suffice  to  insert  at  this  time  merely  the  values  for  a  limited  number 
of  phases  recorded  during  one  of  the  stimulations.  The  principal  fact 
to  be  gathered  from  this  table  is  that  the  vascularity  of  the  intestine 
decreases  steadily  with  the  blood  pressure,  the  minimal  flow  coinciding 
with  the  lowest  pressure.  Obviously,  therefore,  the  shrinkage  of  the 
kidneys  is  a  parallel  reaction  and  cannot  be  attributed  to  a  dilation  of 
the  intestinal  blood  vessels.  By  inference  it  may  be  surmised  that  the 
other  abdominal  organs  are  affected  in  precisely  the  same  way.    Con- 
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sequently,  it  seems  that  a  compensation,  such  as  has  been  assximed  by 
Bradford,  does  not  play  a  part  in  the  production  of  this  depressor  reac- 
tion. 

THE  FUNCTION  OP  THE  MINOR  SPLANCHNIC  NERVES 

Asp  (5)  states  that  the  stimulation  of  the  central  iEmd  peripheral  ends 
of  the  divided  minor  splanchnic  nerve  l^ds  to  an  increase  in  the  blood 
pressure  and  a  diminution  in  the  frequency  of  the  heart.  These  results, 
as  will  be  brought  out  later,  are  not  in  conformity  with  mine;  moreover, 
as  Asp  uses  the  singular  form  in  his  reference  to  the  minor  splanchnic 
nerves,  it  is  quite  probable  that  the  wide  extent  of  the  sympathetic 


Fig.  3.  Lumbar  Sympathetic  System.  TSN,  thoracic  sjrmpathetic  nerve;  GS, 
greater  splanchnic  nerve;  AS,  abdominal  sjrmpathetic  nerve;  LS,  lumbar  ganglia; 
1,  2  and  3  minor  splanchnic  nerves;  RP,  renal  plexus;  CGt  coeliac  ganglion;  AG, 
adrenal  body  and  plexus;  IV Ct  Inferior  vena  cava;  D,  edge  of  diaphragm  and  re- 
sected supra-renal  blood  vessels;  LM,  lumbar  muscles. 

network  of  this  locality  had  not  been  recognized  as  yet,  or  that  he  mis- 
takes the  abdominal  sympathetic  for  the  first  minor.  Although  cer- 
tain variations  are  present,  the  relatively  slender  abdominal  sympathetic 
nerve  most  generally  leaves  the  greater  splanchnic  nerve  at  an  acute 
angle,  and  while  the  latter  extends  forward  and  inwards  to  attain  the 
region  of  the  supra-renal  glands,  the  former  pursues  a  deep  course  along 
the  lumbar  vertebrae,  where  it  unites  with  the  different  spinal  rami  of 
this  region.  A  nimiber  of  ganglia  are  formed  at  these  points  of  imion, 
from  the  first  three  of  which  the  minor  splanchnic  nerves  arise.    This 


ioogle 


DEPRESSOR  FUNCTION  OP  THORAaC  SYMPATHETIC  NERVE    607 

entire  sj^stem  is  commonly  designated  as  the  lumbar  sympathetic 
system. 

Near  their  places  of  origin  the  minor  splanchnic  nerves  do  not  branch 
much  and  pursue  a  rather  straight  course  towards  the  adrenal  body, 
where  they  are  connected  by  extensive  ramifications  with  fibers  of  the 
greater  splanchnic  nerve.  A  relatively  thick  fiber  of  the  latter  generally 
continues  right  through  this  network  and  may  be  traced  directly  to  the 
more  distant  solar  ganglia.  The  minor  splanchnic  nerves,  on  the  other 
hand,  seem  to  tend  lar^ly  towards  the  kichieys,  some  of  their  terminal 
fibers  being  directly  traceable  to  this  organ.  The  first  and  second  minor 
nerves  are  frequently  connected  with  one  another  by  a  fiber  of  consid- 
erable size;  the  second  and  third  also  show  collaterals  near  their  respec- 
tive gan^ia.  An  idea  regarding  the  general  course  of  the  different  fibers 
may  be  obtained  from  the  neighboring  sketch  which  gives  the  relation- 
ship existing  on  the  right  side  of  the  body.  To  bring  these  nerves  into 
view,  the  right  kidney  and  liver  must  be  pushed  aside  and  the  supra- 
renal blood  vessels  divided  peripherally  to  the  adrenal  body.  In  a 
large  dog^  the  different  minor  splanchnic  nerves  may  be  isolated  suffi- 
ciently to  permit  the  application  of  the  electrodes  not  only  to  the  in- 
tact nerves,  but  also  to  their  central  or  distal  ends. 

To  b^;in  with,  the  minor  splanchnic  nerves  as  weU  as  their  lumbar 
and  thoracic  connections,  were  left  intact.  The  kidney  of  the  corre- 
sponding side  was  placed  in  an  oncometer,  the  recorder  of  which  was 
adjusted  in  the  same  ordinate  as  the  manometer  registering  the  general 
blood  pressure.  Weak  tetanic  currents  invariably  produced  a  fall  in 
blood  pressure  which  under  favorable  conditions  amoimted  to  about  30 
per  cent  of  the  normal  pressure.  The  most  conspicuous  results  were 
obtained  with  the  first  and  second  minors;  moreover,  these  vascular  de- 
pressions persisted  even  after  the  thoracic  sympathetic  nerve  of  the 
same  side  had  been  divided.  On  increasing  the  strength  of  the  current, 
say  from  25  cm.  to  15  cm.  distance  of  coils,  the  fall  in  blood  pressure 
eventually  gave  way  to  a  rise.  It  must  be  emphasized,  however,  that 
these  reactions  at  no  time  attained  the  conspicuousness  of  those  ob- 
tained with  the  help  of  the  greater  splanchnic  or  thoracic  sympathetic 
nerve. 

The  minor  splanchnic  nerves  were  then  divided  about  midway  be- 
tween the  lumbar  ganglia  and  the  supra-renal  plexus.  The  stimula- 
tions of  the  central  end  of  any  one  of  these  nerves  led  to  very  charac- 
teristic depressions  of  the  blood  pressure,  the  amplitude  of  the  reaction 
being  greatest  when  the  first  minor  was  used  and  least  when  the  third 
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nerve  was  employed  (fig,  4).  Moreover,  while  the  general  character  of 
the  teaetion  could  not  be  clmnged  by  mcreasiiig  the  strength  of  the  cur- 
rent from  25  cm.  to  15  cm,  distanee  of  coils,  the  resulting  reflex  muscu- 
lar efforts  tended  to  raise  the  pre^ure,  at  least  at  the  beginning  of  the 
excitation.  Curare  was  not  employed,  however^  because  the  depres- 
sor character  of  these  nerves  could  easily  be  established  with  currents 


Fig*  4.  Kecord  of  blood  pressure  during  atimulation  of  the  central  end  of  the 
iecond  mitiQi'  splanclmie  nerve, 

of  such  slight  intensity  that  perceptible  muscular  contractions  did  nfit 
result. 

These  stimulations  were  repeated  after  the  division  of  the  thoracic 
sympathetic  and  vagi  nerves  without  that  a  change  in  the  character  of 
the  reaction  could  lye  noted.  The  cutting  of  the  himhar  roots,  however, 
rendered    the    stimulations    ineffective    immediately.    These  r«^ulti 
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clearly  show  that  the  minor  splanchnic  nerves  conduct  impulses  in  an 
aff«*ent  direction  and  that  central  parts  may  be  attained  by  the  latter 
by  way  of  the  radicles  of  the  lumbar  sympathetic  ganglia.  In  the  sec- 
ond place,  it  must  be  evident  that  the  depressor  action  of  these  nerves 
is  not  dependent  upon  a  local  splanchnic  reflex,  but  is  brought  about 
with  the  aid  of  central  paths  and  nuclei.  It  is  therefore  a  general  reac- 
tion.   For  this  reason,  it  cannot  be  regarded  as  similar  to  that  of  the 


Fig.  5.  General  blood  pressure  (P)  and  the  volume  of  kidney  (RK)  during 
stimulation  of  the  central  end  of  the  first  minor  splanchnic  nerve. 

kidney,  described  by  Bradford  as  being  elicited  by  the  excitation  of 
certain  posterior  roots  of  this  locality. 

In  following  up  this  point  more  closely  a  nmnber  of  oncometric  rec- 
ords were  obtained  from  the  right  kidney  while  the  central  end  of  the 
first  or  second  minor  splanchnic  nerve  of  the  same  side  was  being  stimu- 
lated. The  thoracic  sympathetic  and  vagi  nerves  were  left  intact  at 
first  but  were  divided  subsequently.    The  fall  in  blood  pressure  was  as- 
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Bociated  in  all  these  cases  with  a  diminution  of  the  irolume  of  the  kid- 
ney; a  complete  passiveness  of  this  organ,  however,  could  only  be  noted 
after  all  the  aforesaid  nerves  had  been  divided.  A  curve  of  the  latter 
kind  is  represented  in  figure  5;  the  upper  record  is  that  of  the  oncometer 
and  the  lower  that  of  the  merciu'ial  manometer.  The  first  depression 
resulted  in  consequence  of  the  mere  adjustment  of  the  electrodes  to  the 


Fig.  6.  General  blood  pressure  (P)  and  the  volume  of  the  kidney  (RK)  during 
stimulation  of  the  distal  end  of  the  second  minor  splanchnic  nerve. 

central  end  of  the  divided  first  minor  splanchnic  nerve  and  the  second 
in  consequence  of  its  excitation  with  a  weak  current  of  eight  seconds 
duration.  The  parallelism  between  these  two  curves  is  complete,  and 
hence,  it  may  justly  be  concluded  that  this  depressor  reaction  may  be 
brought  about  without  the  aid  of  the  kidneys.  In  fact,  as  the  depres- 
sion is  also  obtainable  after  the  division  of  the  nerves  previously  men- 
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tioned,  the  splanchnic  organs  need  not  be  actively  implicated  in  this 
dilator  process. 

When  tetanic  currents  of  moderate  strength  were  employed,  the  ex- 
citation of  the  distal  end  of  any  one  of  the  minor  splanchnic  nerves  re- 
sulted in  a  slight  increase  in  the  blood  pressure.  The  most  decisive 
results  were  obtained  with  the  first  and  second  nerves.  A  joint  record 
of  the  blood  pressure  (P)  and  the  volume  of  the  kidney  (RK)  is  given  in 
figure  6.  It  may  be  gathered  from  this  cm*ve  that  the  rise  in  the  pres- 
siu'e  is  due  to  a  constriction  of  the  renal  blood  vessels,  of  the  same  side, 
because  if  a  largeiv  vascular  area  were  actually  involved,  this  reaction 
would  possess  a  much  greater  amplitude.  This  conclusion  is  borne  out 
further  by  the  fact  that  the  shrinkage  of  the  kidney  continued  in  most 
cases  for  some  time  after  the  blood  pressure  had  returned  to  its  normal 
level.  Thus,  while  the  initial  vaso-constriction  in  this  organ  tends  to 
heighten  the  general  blood  pressure,  the  field  affected  is  so  small  that 
a  compensatory  adjustment  of  the  latter  can  readily  be  brought  about. 
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INTRODUCTION 

After  the  right  and  left  parts  of  the  A-V  funnel  of  MaIacocleinin3r8 
geographica  had  been  shown  to  more  easily  conduct  the  excitation 
wave  than  the  other  parts  (1),  the  continuation  of  the  study  of  this 
physiological  differentiation  involved  the  investigation  of  a  possible 
differentiation  in  irritability  and  in  rhythm  forming  power.  It  seemed 
reasonable  to  expect  that  if  certain  portions  of  a  muscular  connection 
can  conduct  better  than  others,  they  might  be  more  easily  directly 
stimulated.  The  investigation  of  the  rhythm  forming  power  was  sug- 
gested by  the  observations  on  ventricular  rhythm  described  in  an 
earlier  paper  (2)  and  the  appearance  of  funnel  rhythm  in  the  heart 
of  Malacoclemmys  (1).  It  was  decided  also  to  determine  the  influ- 
ence of  the  cardiac  nerves  on  this  property  of  the  funnel  fibers  with 
particular  reference  to  possible  differences  between  the  effects  of  the 
nerves  of  the  right  and  left  side. 

METHODS 

For  testing  the  irritability  of  various  portions  of  the  heart,  induction 
shocks  were  sent  into  it  through  small  steel  needle  electrodes.  Three 
to  five  pairs  of  these- were  used  at  one  time  and  were  stuck  through 
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the  parts  of  the  heart  the  irritability  of  which  was  to  be  tested,  and 
so  connected  with  switches  that  they  could  in  turn  be  connected  with 
a  single  Harvard  inductorium  fed  by  a  "Franco"  radio-nitrogen  bat- 
tery with  a  potential  of  approximately  three  volts.  Experiments 
were  carried  out  on  beating  (in  situ  and  excised)  and  on  still  (sinusless) 
hearts.  All  but  three  of  the  experiments  were  performed  on  the  heart 
of  Malacoclemmys.  Of  these  three  two  were  made  on  the  snapping 
tiutle  (Chelydra  serpentina)  and  one  on  the  painted  turtle  (Chrysemys 
picta). 

THE   COMPARATIVE   IRRITABILITY   OF  THE  RIGHT,   LEFT  AND    MIDDLE 
PORTIONS  OP  THE  A-V  CONNECTION 

Haberlandt  (3)  found  differences  between  the  irritability  of  the 
funnel  and  of  the  right  and  left  parts  of  the  base  of  the  V  in  the  still 
frog  heart.  His  method  of  experimentation  with  single  shocks  is 
open  to  criticism,  because  it  is  difficult  to  see  from  the  manner  in  which 
he  connected  the  four  electrodes  used  for  stimulating,  and  from  our 
knowledge  of  the  union  of  the  A-V  funnel  with  the  ventricle  and  its 
relation  to  the  bulbus  musculature,  how  he  could  avoid  stimulating 
the  funnel  under  any  conditions.  Nevertheless,  he  found  that  the 
threshold  value  of  the  funnel  was  lower  than  that  of  the  base  of  the 
ventricle,  the  difiference  being  particularly  large  on  the  right  which 
he  explains  by  the  assumption  of  an  escape  of  current  to  the  funnd. 
From  Nakano's  results  (4)  on  differences  in  conductivity  of  the  various 
portions  of  the  funnel — the  right,  left  and  dorsal  portions  showing 
this  function  more  perfectly  developed  than  the  others — ^we  might 
have  expected  differences  also  in  irritability.  Perhaps  Haberlandt's 
results  are  to  be  interpreted  as  indicating  a  higher  irritability  of  the 
middle  portion  of  the  funnel  than  that  of  the  right  and  left. 

In  a  preliminary  series  of  experiments  the  irritability  of  various 
parts  of  the  still  heart  was  compared.  Some  of  the  results  are  sum- 
marized in  table  1.  Briefly  stated  they  show  the  funnel  to  have  a 
lower  threshold,  (as  indicated  by  the  strength  of  stimulus  necessary 
to  produce  a  contraction)  for  both  single  (quick  make  and  break)  and 
interrupted  stimulation,  than  the  right  and  left  parts  of  the  base  of 
the  V.  If  the  funnel  is  stimulated  lower  down  it  is  found  that  the 
stimulus  necessar>'  to  produce  a  contraction  of  the  V  is  greater.  On 
the  other  hand  the  irritability  of  the  A-V  connection  just  above  the 
A.-V  boundary  is  higher  than  of  the  portion  just  below. 
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After  the  funnel  fibers  had  been  thus  found  to  be  more  irritable 
than  those  of  the  V  it  was  possible  to  proceed  to  the  investigation  of 
the  comparative  irritability  of  the  dififerent  parts  of  the  funnel.  In 
most  of  the  experiments  three  pairs  of  electrodes  were  used.  They 
were  placed  in  pairs  in  two  parallel  rows  across  the  heart  just  below 
the  A-V  boundary  and  as  nearly  equally  spaced  as  possible,  so  that 
the  pair  on  the  right  and  left  were  in  the  right  and  left  side  of  the  fim- 
nel  while  the  middle  pair  was  half  way  between  them.  The  results 
of  these  experiments  are  to  be  seen  in  table  2.     In  nearly  every  case 

TABLE  1 
The  irritability  of  the  A-V  connection  compared  with  that  of  the  base  of  the  V 


SINGLE 

FA  RADIO 

Funnel 

Funnel 

Funnel 

Funnel 

No. 

LeftbMe 
ofV 

Rifht 

Use  of 

V 

aiwve 
A-V 

bound- 
ary 

jivt  be- 
low A-V 
bound- 
ary 

Funnel 
lower 
down 

Left  base 
ofV 

Right 

bane  of 

V 

iuat 
above 
A-V 
bound- 
ary 

justbe- 
k)wA-V 
bound- 
ary 

Funnel 
lower 
down 

23 

6.25 

6.0 

7.0 

6.75 

6.75 

8.0 

24 

6.5 

7.75 

7.50 

7.0 

9.0 

7.75 

25 

6.0 

6.5 

7.5 

5.75 

7.0 

7.0 

8.0 

6.6 

26 

7.5 

7.5 

8.75 

8.0 

7.25 

8.5 

8.0 

9.5 

9.0 

8.0 

27 

7.0 

7.0 

8.5 

7.75 

7.5 

7.5 

9.0 

8.6 

28 

6.5 

6.25 

10.0 

7.75 

7.25 

6.75 

10.75 

8.5 

29 

6.0 

6.5 

8.0 

7.5 

6.0 

6.5 

7.25 

8.5 

8.25 

7.25 

30 

6.0 

5.75 

8.0 

6.5 

7.5 

8.75 

31 

6.5 

6.0 

8.5 

8.0 

7.75 

7.0 

6.5 

9.25 

8.75 

8.25 

66 

7.0 

9.5 

9.0 

8.5 

11.0 

10.25 

67 

6.5 

7.5 

6.5 

7.5 

8.0 

6.75 

68 

8.5 

8.0 

11.0 

10.0 

8.75 

8.5 

12.0 

11.26 

69 

9.5 

8.0 

11.25 

9.6 

70 

10.0 

10.0 

8.0 

11.0 

11.0 

8.6 

71 

8.5 

8.0 

7.0 

10.25 

8.75 

7.5 

72 

9.5 

8.5 

8.0 

10.75 

9.0 

8.5 

the  strength  of  stimulus  necessary  to  produce  a  contraction  of  the 
still  A  and  V,  or  standstill  or  an  extra  systole  in  the  beating  heart,  is 
greater  when  sent  into  the  funnel  by  the  middle  pair  of  electrodes 
than  when  sent  in  by  either  of  the  other  two  pairs.  The  dififerences 
are  more  evident  in  the  still  than  in  the  beating  heart.  In  some  cases 
the  irritability  indicated  by  the  right  and  left  pairs  of  electrodes  was 
lower  than  that  indicated  by  the  middle  pair.  It  was  found  that  by 
moving  the  outer  pairs  of  electrodes  nearer  in,  a  higher  threshold  value 
was  usually  to  be  obtained.     This  led  to  the  carrying  out  of  a  series 
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of  experiments  on  large  still  hearts  in  which  five  pairs  of  electrodes 
were  used.  These  were  stuck  in  pairs  through  the  right,  the  right 
middle,  the  middle,  the  left  middle  and  the  left  of  the  base  of  the  V  just 
below  the  A-V  boundary.  The  results  of  these  experiments  may  con- 
veniently be  placed  in  two  groups.  In  the  first  are  those  in  which  the 
irritability  of  the  portions  stimulated  by  the  two  outermost  pairs  of 
electrodes  is  highest  with  a  gradual  decrease  toward  the  middle  (table 

TABLE  2 
Comparative  irritability  of  the  left,  middle  and  right  part  of  the  A-V  connection 


BSATINQ 

8TIIX 

NO. 

Single 

Farmdio 

Single 

Faredic 

% 

i 

% 

1 

i 

3 

1 

1 

3 

JS 

1 

«» 

32 

5.5 

6.0 

7.0 

6.0 

6.5 

7.0 

7.25 

6.0 

8.75 

7.5 

7.5 

8.75 

33 

5.75 

5.0 

7.0 

6.5 

5.5 

7.5 

7.0 

6.25 

8.0 

34 

6.0 

6.5 

6.5 

7.0 

7.5 

7.0 

35 

8.25 

7.0 

7.5 

8.25 

7.25 

8,0 

9.0 

7.5 

8.5 

36 

7.5 

6.0 

7.75 

8.5 

6.75 

7.5 

8.5 

6.75 

7.5 

37 

7.0 

6.5 

7.0 

7.5 

6.5 

6.5 

38 

6.0 

5.5 

6.25 

8.0 

6.5 

8.5 

39 

5.0 

5.0 

5.0 

5.5 

4.75 

5.25 

7.0 

6.75 

6.5 

7.5 

6.5 

6.75 

40 

5.75 

5:5 

6.5 

6.75 

5.5 

6.0 

7.5 

5.5 

7.0 

8.5 

7.25 

8.25 

41 

8.5 

7.5 

8.25 

9.25 

8.25 

9.0 

42 

6.0 

6.0 

6.5 

6.5 

6.0 

7.0 

43 

6.5 

6.0 

6.0 

7.0 

6.75 

6.75 

8.25 

6.75 

7.75 

8.75 

7.25 

8.25 

44 

6.75 

6.0 

6.0 

7.5 

7.0 

6.75 

45 

6.0 

5.0 

7.0 

55 

5.5 

6.75 

6.0 

4.5 

6.0 

8.75 

6.5 

9.75 

46 

6.5 

5.5 

7.0 

7.5 

6.5 

6.75 

47 

4.0 

3.0 

6.5 

6.6 

4.5 

7.0 

49 

5.75 

5.5 

5.5 

7.0 

5.0 

6.0 

8.75 

6.0 

7.5 

10.5 

7.5 

8.75 

Snapper  1 

7.25 

7.5 

8.0 

8.75 

8.0 

9.25 

Snapper  2 

7.0 

6.5 

8.5 

8.5 

6.75 

10.0 

* 

Painted  1 

6.5 

5.25 

6.25 

6.75 

6.0 

7.0 

8.0 

6.0 

8.5 

11.0 

7.5 

10.75 

3).  In  the  second  are  those  in  which  the  irritability  indicated  by  the 
outermost  pairs  is  lowest  and  in  which  the  irritabiUty  indicated  by 
the  right  middle  and  left  middle  electrodes  is  the  highest  (table  4). 
These  results  lead  to  the  assumption  that  in  the  cases  given  in  table 
3  the  outside  pairs  of  electrodes  were  really  stuck  through  the  right 
and  left  edges  of  the  funnel,  and  that  in  the  cases  listed  in  table  4  these 
electrodes  were  in  the  base  of  the  V  outside  the  funnel. 
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TABLE  3 
The  comparative  irritability  of  the  A-V  connection 


•IKOLS 

FAXADIC 

KO. 

Left 

Left 
middle 

Middle 

Right 
nUddle 

Richt 

Left 

Left 
middle 

Middle 

Risht 
middle 

Right 

56 

9.25 

7.5 

6.75 

7.5 

8.75 

10.75 

8.25 

7.6 

8.25 

9.5 

61 

7.75 

6.75 

6.5 

6.75 

7.5 

9.5 

7.75 

7.75 

8.0 

8.25 

62 

8.0 

7.5 

6.75 

7.75 

8.5 

9.5 

8.5 

7.5 

8.5 

10.0 

66 

7.5 

7.25 

6.5 

7.5 

7.5 

9.0 

7.75 

7.6 

7.75 

9.5 

69 

8.5 

7.5 

6.75 

7.0 

7.75 

10.0 

8.25 

7.76 

8.0 

9.75 

TABLE  4 

The  comparative  irritability  of  the  A-V  connection  and  of  the  left  and  right  base 

of  the  V 


BINOLB 

PARADIC 

Left 

Left 
middle 

Middle 

Rifht 
middle 

Right 

Left 

Left 
middle 

Middle 

Right 
middle 

Right 

58 
65 
67 
68 
75 

6.0 

5.25 

6.5 

6.5 

6.25 

8.25 
8.0 

7.6 
7.5 

8.75 

7.25 

6.75 

7.0 

8.0 

7.0 

8.75 

7.5 

7.25 

7.5 

7.5 

5.75 

5.5 

6.5 

6.0 

6.5 

6.75 

6.0 

7.5 

7.75 

7.0 

9.5 

10.25 

8.5 

9.25 

10.5 

7.5 

7.5 

7.75 

8.25 

7.75 

9.25 
10.75 

9.0 

8.75 

10.75 

7.0 

6.25 

7.25 

7.5 

7.0 

RHYTHMIC   IMPULSE   FORMATION   IN  THE   A-V   CONNECTION 

That  rh3rthmic  impulses  due  to  extraneous  stimulation  can  arise 
in  the  A-V  connection  of  the  cold  blooded  heart  has  been  known  for 
some  time.  Gaskell  (5)  observed  that  mechanical  stimulation  of  the 
A-V  ring  of  the  still  frog's  heart  set  up  a  series  of  rapid  rhythmical 
contractions,  while  stimulation  of  the  A  or  of  the  V  produced  but  a 
single  contraction.  Ewald  (6)  also  found  that  stimulation  of  the 
funnel  by  piercing  it  with  a  needle  resulted  in  a  long  series  of  contrac- 
tions. Lohmann  (7)  pointed  out  that  faradic  stimulation  of  the  apex 
of  Ihe  turtle  heart  set  up  automatic  contractions  of  the  V,  which  were 
soon  displaced  by  the  Si  rhythm.  Also  (8)  that  during  vagal  stand- 
still one  or  two  contractions,  the  impulses  for  which  arose  in  the  A-V 
connection,  might  appear.  Gewin  (9)  observed,  following  electrical 
stimulation  of  the  V  of  the  turtle,  simultaneous  contractions  of  the  V 
and  A.  And  most  recently  Haberlandt  (3)  has  made  a  study  of  the 
effects  of  electrical  stimulation  of  the  funnel  of  the  frog.    He  foimd 
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that  when  the  needle  electrodes  were  stuck  through  the  funnel,  there 
resulted  a  larger  or  smaller  number  of  contractions  which  might 
develop  into  a  long  series.  From  two  t6  twenty  contractions  might 
result  from  a  single  electric  shock.  Furthermore^  that  it  was  occa- 
sionally possible  by  a  double  shock  to  reverse  for  a  eonstderable  time 
the  sequence  of  the  beating  hearty  and  that  this  might  also  be  accom- 
plished by  the  mere  sticking  in  of  the  electrodes.  Faradic  stimulation 
was  more  effective  than  single  shocks  in  the  production  of  numerous 
automatic  pulsations  which  assumed  different  forms  and  lasted  for 
varying  lengths  of  time.  In  a  later  paper  (10)  he  found  that  faradic 
stimulation  of  the  funnel  of  the  turtle  also  might  result  in  a  funnel 
rhythm  of,  on  the  average,  very  short  duration.  Haberlandt  (3) 
thinks  that  the  effects  of  temperature  in  producing  a  rhythm  of  the 
still  frog's  heart  are  to  be  referred  to  effects  on  the  funnel  Local 
warming  of  that  alone  had  results,  the  local  warming  of  the  region 
just  under  the  bulbus  and  of  the  apex  being  without  results.  By  cool- 
ing the  Si  and  at  the  same  time  warming  the  funnel  he  was  able,  in  a 
few  cases,  to  initiate  a  funnel  rhythm, 

EXPERIMENTAL 

L  Experiments  on  beaiing  hearts 

a.  The  effects  of  single  shtKks. — Three  pairs  of  electrodes  arranged 
as  above  described  were  used  to  find  out  whether  some  part  of  the  con- 
nection was  more  efficient  than  others  in  the  formation  of  automatic 
rhythmic  impulses.  A  few  experiments  on  stimulating  the  still  heart 
were  made  in  1912  in  connection  with  my  work  on  the  lizard  and  tur- 
tle heart  (2),  but  no  conclusive  results  were  then  obtained. 

Only  one  case  of  the  production  of  a  funnel  rhythm  following  stimu- 
lation with  a  single  induction  shock  has  been  obtained.  This  was  in 
an  excised  heart,  the  funnel  of  which  had  been  previously  stimulated 
many  times  and  by  strong  interrupted  currents  as  well  as  single  shocks. 
This  had  produced  liindrances  to  conduction  and  a  pulsus  alternans 
had  developed  (see  fig.  1).  The  V  pulsated  rapidly  for  about  ten 
seconds^  and  then  beat  more  slowly  but  irregularly,  the  impulsed, 
for  some  of  the  contractions  at  any  rate^  coming  from  the  funnel.  It 
is  impossible  to  say  positively  that  the  A  contractions  originated  in 
the  funnel,  but  they  probably  did,  judging  from  their  decreased  fre- 
quency and  the  pause  just  before  the  Si  rhythm  returned  (see  •). 
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Fig.  1.  * 'Funnel  rhythm"  resulting  from  a  double  induction  shock  to  the 
funnel. 


Fig.  2.  Rapid  V  rhythm  resulting  from  four  double  induction  shocks  to  the 
funnel. 


Fig.  3,  a,  V  fibrillation  and  rapid  A  rhythm  followed  by  rapid  V-A  rhythm 
resulting  from  nine  double  induction  shocks  to  the  funnel;  h,  normal  Si  rhythm. 
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Quite  often  when  the  electrodes  are  stuck  into  the  funnel  just  be- 
low the  A-V  boundary  there  is  a  cessation  of  the  rhythm  for  a  short 
while,  or  a  V  fibrillation  is  caused  which  may  last  for  a  few  seconds, 
or  a  rapid  rhythm  (flutter)  which  involves  both  V  and  A  may  be  de- 
veloped.   But  all  of  these  are  of  short  duration. 

The  effect  of  a  series  of  single  shocks  was  tried.  In  a  few  cases 
results  of  interest  were  obtained  but  only  in  a  very  few  did  the  effects 
last  over  after  the  stimulation.  Figure  2  shows  the  production  in 
this  manner  of  a  rapid  V  rh3rthm  which  lasted  for  seven  minutes,  the 
A  being  unaffected  and  beating  normally  throughout.  Figure  3  illus- 
trates the  production  by  a  series  of  single  shocks  of  a  V  fibrillation 
followed,  after  a  pause,  by  a  rapid  rhythm.  The  A  was  influenced 
in  this  case,  beginning  to  beat  rapidly  in  response  to  impulses  from  the 
funnel  during  the  V  fibrillation.  This  rapid  funnel  rhythm  lasted 
for  five  idinutes  at'  the  end  of  which  time  it  was  stopped  by  jarring 
the  table,  being  followed  after  a  pause  by  the  normal  Si  rh3rthm  showD 
in  the  second  part  of  the  figure. 

Haberlatndt,  as  above  mentioned,  found  that  he  could  reverse  by  a 
single  induction  shock  the  sequence  of  beat  of  the  frog's  heart.  He 
figures  such  a  case  in  his  figure  2.  His  ai^ument  (p.  17)  against  this 
being  a  case  of  retarded  normal  conduction  is  not  convincing.  In 
the  first  place  the  agreement  in  the  time  relations  of  the  rhythm  befcHe 
and  after  the  stimulation  is  against  it  as  well  as  the  appearance  of  block. 
Instead  of,  ^as  he  considers,  having  a  case  of  a  gradually  wandering 
upward  of  the  seat  of  origin  of  these  impulses  in  the  funnel  it  seems 
to  me  that  we  have  here  a  case  of  a  gradually  increasing  length  of 
conduction  time  until  block,  as  shown  in  his  figure  3,  appears.  As 
he  himself  admits,  the  retarded  conduction  and  the  block  are  due  to 
mechanical  injury  caused  by  the  electrodes  and  the  electric  stimula- 
tion, although  he  found  that  •conditions  of  block  could  be  improved, 
and  the  still  V  be  made  to  beat  again  and  following  the  A,  by  stimu- 
lation of  the  funnel.  Haberlandt  found  also  that  stimulation  with  a 
single  make  and  break  shock  could  produce,  sometimes  after  a  long 
latent  period,  the  formation  in  the  funnel  of  series  of  long  lasting  auto- 
matic impulses  which  began  usually  with  incomplete  and  complete 
tetanus  of  the  V  and  fibrillation,  and  later  characterized  by  very  fre- 
quent and  regular  contractions  of  the  V  but  showing  no  influence  on 
the  A.  It  should  be  noted  in  referring  to  Haberlandt's  figures  6,  7 
and  8,  which  he  gives  as  illustrative  of  these  conditions,  that  A-V 
hlock  existed  or  had  existed.    He  obtained  one  case  of  this  sort  of 
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thing  with  a  siniisless  heart  and  admits  that  the  block  in  the  beating 
heart  may  have  been  of  assistance  in  producing  these  results,  though 
not  absolutely  necessarily  so,  since  he  claims  to  have  produced  the 
same  thing  in  a  normally  beating  heart  (see  his  figure  7).  The  heart 
on  which  this  result  was  obtained  had,  however,  earlier  shown  A-V 
block.  Haberlandt  also  argues  against  the  dependence  of  the  for- 
mation of  these  effects  on  intracardial  vagal  stimulation.  A  glance 
at  his  figure  8  will  show  that  there  was  also  a  negative  inotropic  effect 
on  the  A  in  this  case. 

b.  The  effects  of  interrupted  currents.  It  has  been  foimd  that  fa- 
radic  currents  sent  into  the  fimnel  of  excised  hearts  may  occasionally 
start  rhythmic  impulse  fbrmation  there  which  expresses  itself  in  one 
of  several  different  forms  of  contraction,  which,  within  limits,  may 
change  from  one  to  another.  Usually,  however,  the  influence  of  the 
stimulation  stops  with  it,  the  Si  rhythm,  after  a  pause,  reasserting  it- 
self. Perhaps  the  comparatively  numerous  results  which  Haberlandt 
obtained  on  the  frog's  heart  find  their  explanation  in  the  fact  that  the 
hearts  were  old  and  the  strength  of  the  Si  impulses  therefore  weak- 
ened. The  conditions  of  block  which  he  describes  make  this  seem 
probable,  or  that  the  impulses  could  not  get  to  the  V  owing  to  lowered 
conductivity  in  the  connection.  In  his  experiments  on  the  turtle 
heart  (10)  he  describes  the  results  of  experiments  carried  out  on  a 
turtle  in  its  third  day  of  experimentation.  Be  this  as  it  may  it  has  so 
far  proven  impossible  to  initiate  even  by  the  strongest  interrupted 
currents  the  formation  of*  automatic  impulses  in  the  funnel  of  the  in- 
tact heart  of  Malacoclemmys.  The  fibrillation  of  the  V  alone,  or  of 
the  A  and  the  V,  stops  with  the  stimulation  and  after  a  longer  or  shorter 
pause  the  normal  Si  rhythm  returds.  Such  experiments  were  carried 
out  on  relatively  fresh  hearts,  never  later  than  fom*  hours  after  removal 
of  the  plastron. 

The  results  that  have  been  obtained  with  excised  hearts  are  sum- 
marized in  table  5.  It  should  be  noted  that  when  impulses  can  be  started 
in  the  funnel  in  a  heart  they  can  be  started  again  and  again,  not  only 
by  stimulating  the  funnel,  but  the  A  and  the  V  as  well. 

Usually  the  stimulus  must  be  of  great  strength  and  of  long  diu^tion, 
although  occasionally  a  strong  short  stimulation  has  been  able  to  start 
automatic  impulse  formation.  This  has  been  foimd  particularly  in 
hearts  in  which  by  previous  stimulation  automatic  impulses  have  been 
formed,  and  favors  the  view  that  once  the  impulse  formation  is  initiated 
it  is  easier  to  do  so  again.    The  results  which  Haberlandt  reports  to 
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TABLE  6 

Summary  of  reaxdts  obtained  by  siimtdaling  the  A-V  connection  of  the  healing  ex- 
deed  heart  with  an  interrupted  current 


NO. 

RESULT 

DURATION 

RKMABKa 

go^ 

9eeoni$ 

35(5)a 

4.0 

1 

V  fibrillation,  foUowed 
by  V  rhythm    after 
gradual  slowing.    A 
fibrillation 

27  sec. 

35(6)b 

2.0 

0.5 

V  fibrillation  for  6  sec. 
followed     by     V-A 
rhythm 

33min. 

37 

3.0 

9 

V  fibrillation,  and  2  au- 
tomatic V  systoles 

14  sec. 

37(4) 

0.0 

9 

Rapid  V  rhythm  of  9 
contractions 

18  sec. 

50(3)a 

4.0 

8 

V  standstill,  followed 
by  2  large  systoles 
then  rapid  rhythm  of 
6  contractions 

19  sec. 

Figure  6.  The  A 
contractions 
very  weak 

50r3)b 

4.0 

17 

Rapid   V   rhythm.    Si 
rate   slightly 
increased 

110  sec. 

Figure  5 

50(4)a 

3.0 

2 

V  standstill  followed  by 
6  quick  V  contrac- 
tions 

13  sec. 

Cf .  figure  6 

60(4)b 

3.0 

14 

V   standstill   followed* 
by  2  large  V  systoles 
then    rapid   V-A 
rhythm    of    6    con- 
tractions 

8  sec. 

Cf .  figure  6 

78(2)a 

1.0 

11 

V  fibrillation  for  5  sec. 
followed  by  irregular 
V-A     rhythm      (10 
sec.),  A  then  fibril- 
lates     follow^     by 
regular  V-A  rhythm 
for  17  seconds 

32  sec. 

78(2)b 

4.0 

8 

Rapid  V  rhythm,  while 
AfibrUlirtes 

13  sec. 

78(3)a 

4.0 

9 

Rapid  V  rhythm,  A  fi- 
brillates,  then  still 

16  sec. 

78(3)b 

4.0 

21 

Rapid  V  rhythm,  A  fi- 
brillation 

24  sec. 

Figure  4 
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TABLE  5— Continued 


78(3)c 
84(3)a 


84(3)b 


84(3)c 


Snapper 

2(2) 


2(3) 
2(5) 


li. 

ESS 

i}i 

aeeondt 

2.0 

24 

1.0 

4 

1.0 

14 

1.0 

14 

2.0 

1 

3.0 

2 

2.0 

0.6 

Rapid  V  rhythm,  A  fi- 
brillatioii,  then  still 

Very  rapid  V  rhythm, 
A  fibrillation,  then 
still,  followed  by  Si 
rhythm,  slightly  in- 
creased and  irregular. 
V  rhythm  later  ir- 
regular 

Very  rapid,  regular  V 
rhythm,  later  irregu- 
lar. A  in  Si  rhythm, 
but  irregular,  sud- 
denly V-jA  rhythp 
appears  alter  a  pause 

Very  rapid  |V  rhythm, 
later  irregular,  then 
regular  again,  etc. 
A  in  normal  Si 
rhythm 

V  fibrillation  (5  min.) 
A  quickly  in  rapid 
regular  rhythm  from 
fimnel  impulses.  V- 
A  rhythm 

V  fibrillation  (3  min.) 
A  more  rapid,  then 
regular  V-A  rhythm 

Rapid  V  rhythm  (15  sec .) 
A  fibrillation  (8  sec.) 
then  still,  followed 
by  V-A  rhythm 


18  sec. 
8  min. 


15  min. 


15  min. 


65  min. 

54  min. 
17  min. 


Figures  10  and  11 


Figures  7,  8,  9, 
stopped  by  dou- 
ble induction 
shock  to  funnel 


Stopped  by  dou- 
ble induction 
shock  to  funnel 


have  obtained  on  the  frog  heart  with  threshold,  or  near  threshold 
strength  of  stimuli,  have  not  been  substantiated,  and  indeed  Haber- 
landt  makes  no  concise  claim  for  this  on  the  heart  of  the  turtle. 

The  automatic  impulses  started  by  faradizing  the  funnel  of  the 
excised  beating  heart  exert  their  influence  on  the  A  and  the  V  in  a  variety 
of  forms.    They  may  take  the  form  of  a  rapid  V  rhythm,  started  dur- 
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ing  the  stimulation,  and  consisting  of  separate  regular  pulsations  which 
continue  after  the  stimulation  has  been  stopped.  Figure  4  illustrates 
a  brief  case  of  this  sort.  The  fibrillation  of  the  A,  as  well  as  the  nega- 
tive inotropic,  and  perhaps  also  dromotropic,  influence  of  mtracardial 
vagal  stimulation,  prevents  the  Si  impulses  from  reaching  the  funnel, 
thus  allowing  the  continuation  of  the  formation  of  automatic  impulses 
there.  The  impulses  for  the  two  A  contractions  following  the  A  fibril- 
lation probably  arose  in  the  funnel.  The  formation  of  the  funnel  im- 
pulses stopped  soon  after  this  and  the  normal  Si  rhythm  returned. 
Figure  5  shows  a  better  example.  Here  the  A  ceases  to  beat  (negative 
inotropic  effect)  while  the  V  contracts  rapidly,  the  impulses  originat- 
ing in  the  funnel  continuing  after  the  stimulation  is  discontinued. 
When  the  A  begins  to  contract  again,  or  rather  when  its  contractions 
become  visible  again,  it  is  seen  that  they  are  slightly  more  rapid  than 
before  while  the  V  is  beating  almost  twice  as  rapidly  as  the  A.  This 
condition  lasted  for  a  little  less  than  two  minutes,  when  the  V  paused 
and  the  Si  rhythm  followed. 

Figure  6  illustrates  how  the  funnel  impulses  for  this  rapid  V  rhythm 
may  remain  latent.  The  two  large  and  the  six  rapid  V  contractions 
owe  their  origin  to  funnel  impulses,  the  normal  Si  impulses  then  get- 
ting through,  although  they  do  not  show  on  the  A  imtil  later. 

Faradic  stimulation  of  the  funnel  may  give  rise  to  the  formation 
there  of  impulses  which  produce  a  lasting  over  effect  of  V  fibrillation 
from  which  various  forms  of  rhythm  may  arise.  The  effects  on  the  A 
vary.  It  may  not  be  affected  at  all  except  for  a  slight  negative  inotropic 
effect,  or  its  rate  may  be  accelerated  slightly.  It  may  be  brought  to  a 
standstill  after  a  beginning  fibrillation,  and  finally  it  may,  after  fibril- 
lation, go  over  into  a  regular '  rhythmic  beat  which  is  considerably 
more  rapid  than  that  of  the  sinus,  the  impulses  arising  in  the  funnel. 
Figure  7  is  a  part  of  a  typical  case.  This  heart  had  been  beating  for 
some  time  and  had  previously  been  stimulated  severely  with  no  re- 
sults. After  not  having  been  stimulated  for  fifteen  minutes  a  strong 
interrupted  current  sent  in  for  less  than  one  second  had  the  recorded 
result.  Both  the  A  and  the  V  fibrillated,  the  A,  however,  soon  be- 
ginning to  beat  regularly  and  rapidly,  the  impulsies  for  the  rhythm 
coming  from  the  funnel.  The  V  continued  to  fibrillate  for  about 
five  minutes  after  which,  after  pausing  momentarily,  it  beat  as  shown 
in  the  second  part  of  figure  7,  regularly,  and  for  the  most  part  co- 
ordinated with  the  A  contractions,  but  exhibiting  pulsus  altemans. 
The  pulsus  altemans  disappeared  about  five  minutes  later,  the  transi- 
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Fig.  6.  Appearance  of  slow  and  rapid  V  contractions  due  to  latent  funnel  impulses 


Fig.  7  a,  V  fibrillation  and  rapid  A  rhythm;  6,  V-A  rhythm  from  funnel  impulses 


Fig.  8.  Continuation  of  figure  7.    Funnel  rhythm  showing  V-A  block 
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tion  being  shown  in  the  figure,  an  As  being  missed  after  a  gradual 
increase  in  vigor  of  contraction,  following  which,  after  a  slight  irregular- 
ity, the  A  contractions  became  regular  and  more  vigorous. 

Figure  8  shows  a  record  taken  of  thig  rhythm  five  minutes  later 
again.  After  beating  regularly  as  shown  in  the  last  part  of  figiu'e  7, 
a  V-A  block  developed  and  the  funnel  impulses  then  arose  in  groups 
characterized  by  a  gradual  decrease  in  length  of  interval  between 
contractions  until  a  minimimi  is  reached,  after  which  there  is  a  pause. 
The  A-A  intervals  show  a  more  rapid  decrease  than  the  V-V  inter- 
vals do,  and  with  this  gradual  decrease  in  length  of  interval  there  is 
a  decrease  in  the  vigor  of  the  contractions.  Beginning  with  systole 
5,  we  find  a  maximimi  value  between  it  and  systole  1  for  both  the  V 
and  the  A.  This  interval  gradually  decreases  until  As  4  is  dropped 
due  to  refractoriness  of  the  connection  fibers,  while  Vs  5  follows  after 
Vs  4  with  a  minimal  interval.  Due  to  the  recovery  in  irritability, 
afforded  by  the  dropping  out  of  a  beat,  As  5  is  most  vigorous  the  in- 
terval being,  however,  greater  than  minimal,  due,  no  doubt,  to  the 
weakness  of  the  funnel  impulse.  After  the  first  Vs  after  the  pause 
the  interval  gradually  decreases  again  and  the  same  thing  is  repeated. 
This  condition,  where  every  fifth  As  is  missed  and  where  the  V  sys- 
toles are  in  groups  of  5,  soon  improves  so  that  every  sixth  As  is  missed 
and  the  V  systoles  are  in  groups  of  6  (see  middle  part  of  figure  8). 
The  same  conditions  hold  here  for  the  V  as  before.  But  when  the 
lengths  of  successive  A-A  intervals  are  studied  it  is  seen  that  things 
are  a  bit  different.  The  first  As  after  the  missed  beat  (No.  6)  still 
occurs  in  the  same  cycle  with  the  Vs  of  minimal  length  of  interval, 
while  between  them  and  the  next  sj'stole  (No.  1)  there  is  the  maximal 
length  of  interval  which  then  gradually  decreases  with  each  succes- 
sive cycle.  The  height  of  the  V  systoles  also  decreases  regularly  with 
the  decrease  in  length  of  interval.  The  A  systoles  do  so  up  to  the  last 
or  4th  which  is  higher  again.  This  fact  is  of  interest  in  explaining 
the  block  and  throws  doubt  on  the  assumption  that  the  failure  of  the 
A  to  beat  is  due  to  the  falling  of  the  impulse  into  its  refractory  period. 
For  if  this  were  so  it  is  hard  to  imderstand  why  the  height  of  the  last 
As  should  be  more  vigorous  than  the  preceding  one.  There  is  no  pause  in 
the  formation  of  the  impulse,  as  the  V  contractions  show,  which  would 
give  the  A  fibers  an  opportunity  to  recover.  It  would  seem  that  the 
conductivity  of  the  funnel  fibers  towards  the  A  is  really  decreasing  from 
beat  to  beat.  Through  As  3  this  decrease  in  conductivity  does  not 
become  apparent  owing  to  the  gradually  increasing  frequency  of  for- 
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mation  of  rhythmic  impulses  in  the  fmmel.  But  between  As  3  and  4, 
owing  to  this  decrease  in  conductivity  in  the  direction  of  the  A,  there 
is  a  slight  pause  (A-A)  during  which  the  A  fibers  recover  somewhat 
and  the  next  As  (No.  4)  is  therefore  more  vigorous.  The  fifth  im- 
pulse in  the  group  finds  the  conductivity  of  the  connection  fibers  so 
lowered  (refractoriness  •  of  conduction)  that  the  impulse  cannot  get 
through,  while  the  sixth  impulse  owing  to  its  weakness  takes  longer 
to  reach  the  A  again.  This  explanation  is  in  keeping  with  that  offered 
(1)  to  explain  the  greater  vigor  of  the  last  Vs  in  some  cases  of  block 
in  which  there  is  a  gradually  increasing  length  of  interval. 

The  greater  decrease  in  A-A  interval  as  compared  with  the  de- 
crease in  V-V  interval  cannot  be  explained  by  assuming  a  gradually 
wandering  upward  of  the  place  of  origin  of  the  impulses  in  the  A-V 
connection  owing  to  the  relation  between  the  A  and  V  systolic  inter- 
val. A  record  taken  two  minutes  later  than  that  shown  in  the  mid- 
dle part  of  figure  8  shows  the  V-A  rhythm  perfectly  regular  and  slower. 
If  one  were  so  minded  this  could  now  be  explained  as  a  normal  A-V 
sequence.  Figure  9,  a  tracing  taken  sixty-five  minutes  after  the 
stimulation,  shows  this  not  to  be  the  case.  The  rate  of  the  V-A  rhythm 
has  slowed  considerably.  A  single  make  and  break  shock  sent  into 
the  funnel  blocked  the  funnel  impulse  so  that  it  failed  to  reach  the  A, 
while  the  V  contracted  once  again  after  a  pause.  This  shock  to  the 
fimnel  stopped  the  formation  of  the  impulses  there  and  gave  the  more 
slowly  arising  Si  impulses  a  chance  to  get  through  to  the  fimnel,  and  after 
this  the  normal  Si  rhythm  was  restored. 

The  fourth  form  of  contractions  which  the  fimnel  impulses  may 
give  rise  to  are  very  rapid  V  pulsations,  the  A,  in  most  cases,  continuing 
to  beat  at  its  normal  rate.  These  rapid  pulsations  of  the  V  have  been 
obtained  in  only  a  single  heart,  but  in  that  one  three  times  (see  No. 
84,  table  5).  Figure  10  is  an  example,  the  return  to  the  normal  Si 
rhythm  being  shown  in  figure  11.  The  rapid  V  contractions  soon  be- 
come irregular  (fibrillation)  though  not  necessarily  more  rapid.  The 
A,  on  the  whole,  beats  regularly  and  much  more  slowly  than  the  V. 
But  its  rate  is  usually  slightly  increased  and  there  are  irregularities 
here  and  there  which  indicate  some  effect  on  the  A  of  the  impulses 
arising  in  the  funnel.  Sometimes  the  V  irregularities  may  disappear 
and  reappear  several  times  before  the  funnel  impulses  give  out,  and 
one  case  was  obtained  of  a  V-A  rhythm  developing  in  this  way  (84(3)b). 

Haberlandt  (3)  foimd  that  the  various  forms  of  contraction  set  up 
by  funnel  impulses  in  the  frog  could  be  arranged  in  the  following  order 
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according  to  the  relative  ease  with  which  they  could  be  obtained. 
(1)  Very  frequent  independent  V  contractions;  (2)  fibrillation  of  the 
V,  and  (3)  typical  atrio-ventricular  rhythm.  The  first  two  never  go 
over  to  the  A  and  the  rapid  V  contractions  sometimes  develop  from 
overlasting  fibrillation. 

A  glance  at  table  5  will  show,  notwithstanding  the  relative  small 
number  of  cases  in  which  it  has  been  possible  to  induce  automatic 
funnel  impulses,  that  the  most  frequent  form  which  they  give  rise  to 
is  a  rapid  V  rhythm,  consisting  of  separate  pulsations  which  start  dur- 
ing the  stimulation  and  continue  after  it.  The  A  is  not  included  in 
the  rhythm.  Next  in  order  comes  typical  V-A  rhythm.  This  is, 
however,  not  a  condition  which  arises  primarily  as  a  result  of  the  stim- 
ulation, but  follows  V  fibrillation  or  V  flutter  (figs.  7,  8  and  9).  Next 
in  order  of  seqiience  is  a  fibrillation  of  the  V  (fig.  7)  which  arises  fnwn 
a  fibrillation  begim  by  the  stimulation,  or  from  very  rapid  V  pulsa- 
tions. And  finally,  the  very  rapid  V  pulsations  (fig.  10)  which  later 
become  irregular  and  which  mfty,  in  slowing,  give  rise  to  a  V-A'rhythm. 

^,  Experiments  an  siiU  hearts 

a.  The  effects  of  single  shocks.  It  has  not  proven  possible  to  set  up 
a  rhythm  in  the  sinusless  heart  by  a  single  make  and  break  shock  sent 
into  the  fimnel.  Although  when  the  needle  electrodes  are  put  in  a 
short  rhythm  may  be  started,  the  frequency  of  beats  gradually  de- 
creasing until  the  formation  of  the  impulses  stops.  Haberlandt  (3) 
was  able  by  means  of  a  single  shock  to  start  a  rhythm  of  a  larger  er 
smaller  number  of  contractions,  their  frequency  being  on  the  average 
the  same  as  the  normal  though  sometimes  much  less. 

6.  The  effects  of  interrupted  currents.  It  is  much  easier  to  set  up  a 
funnel  rh\'thm  in  the  still  heart  than  in  the  beating  heart.  Not  that 
it  requires  a  weaker  current,  but  rather  that  stimulation  is  more  often 
attended  with  success  than  in  the  beating  heart.  In  table  6  the  re- 
sults of  the  successful  cases  are  summariied.  In  several  cases  the  fim- 
nel impulse  formation  would  ha\-e  continued  longer  but  for  the  fact 
that  it  was  stopped  by  some  extraneous  stimulus,  such  as  moistening 
with  Ringer  solution,  or  Jarring  the  table  by  removing  the  drum,  or 
single  or  interrupteil  shock;?.  Klectric  stimulation  was  undertaken 
in  many  cases  to  decide  whether  the  rh>*thm  under  observation  was 
really  proceeiling  from  impulset?  foniieil  in  the  funnel. 

As  in  the  beating  hearts  the  impulses  foruieii  in  the  fiumel  may  cause 
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diflferent  kinds  of  result4s  on  both  the  A  and  the  V.  It  can  be  stated 
here  that  the  eflfects  produced  involve  the  A  as  well  as  the  V. 

In  a  very  few  cases  a  faradic  stimulation  of  the  funnel  may  result 
in  the  formation  of  slow  rhythmic  impulses  which  cause  contractions 
of  both  the  A  and  the  V  (slow  V-A  rhjrthm).  Figure  12  iUustrates 
this  condition.  It  was  obtained  but  twice,  one  of  these  being  with  a 
heart  of -the  painted  turtle  (Chrysemys  picta)  where  it  was  the  only 
result  that  could  be  produced,  being  however  obtainable  almost  at 
will  (table  6). 

A  faradic  stimulation  may  sometimes  start  a  fairly  rapid  V  rhythm, 
which  as  soon  as  the  current  is  broken  becomes  a  regular  V-A  rhythm 
as  shown  in  figure  13. 

The  most  common  form  of  contraction  to  which  the  rhythmic  fun- 
nel impulses  give  rise  is  a  fibrillation  of  the  V.  This  in  most  cases 
changes  sooner  or  later  into  a  regular,  slower  rhythm  before  the  for- 
mation of  the  impulses  stops.  The  A  is  involved,  and  may  even  begin 
to  beat  regularly  during  the  stimulation  while  the  V  fibrillates,  although 
in  most  cases  it  fibrillates  or  stands  still  and  then,  when  the  stimula- 
tion is  stopped,  begins  a  mt)re  or  less  regular  rhythmic  beat.  The  rate 
of  the  V  beat  is  usually  more  rapid  than  that  of  the  A  and  sometimes 
in  a  definite  ratio  to  it,  or  the  contractions  of  the  V  and  A  may  be 
synchronous.  Figure  14  iUustrates  a  case  of  this  sort.  A  record  taken 
two  minutes  later  (second  part  of  figure)  shows  a  regular  V-A  rhythm, 
of  2: 1  ratio.  Several  single  shocks  sent  into  the  funnel  produced 
merely  extrasystoles  of  the  A.  Slower  automatic  impulses  liiay  be 
started  in  the  funnel,  the  rhythm  set  up  later  developing  irregularities 
which  may  disappear  so  that  we  have  again  a  regular  V-A  rhythm, 
(see  figs.  15  and  16). 

Occasionally  a  very  rapid  rhythm  is  started  by  faradisation  of  the 
funnel.  This  arises  from  fibrillation  and  usually  slows  down  until  it 
stops.  Figure  17  is  a  case  iUustrating  a  short-lived  rhythm  of  this 
sort,  the  V  and  A  beating  in  the  ratio  of  2 : 1.  Figure  18  shows  a  more 
interesting  case  in  which  at  first  the  V  and  A  beat  together  at  a  very 
rapid  rate.  Later  this  rhythm  slows  down  and  becomes  exceptional 
in  that  the  V  shows  a  lower  rate  for  a  time  than  the  A.  The  first  part 
of  figure  19  is  a  record  taken  ten  minutes  later  showing  the  incoordina- 
tion between  the  V  and  the  A  disappearing.  Forty-five  minutes  later 
the  two  parts  are  beating  as  shown  in  the  middle  part  of  figure  19 
coordinatedly  and  in  the  ratio  of  2  : 1,  the  V  showing  pulsus  altemans. 
A  minute  later  the  electrodes  were  removed  (see  ♦).    Two  minutes 
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TABLE « 

Summary  of  results  obtained  by  stimulating  the  A-V  connection  of  the  stiU  heart 
with  an  interrupted  current 


X 

SB 

NO. 

P 

BESULT 

DURATION 

BSMABU 

•ec. 

28(2) 

4.0 

5 

V  fibrillation,  slow  A 
rhythm,  followed  by 
slow  V-A  rhythm 

90min. 

Stopped  by  dou- 
ble induction 
shock  to  funnel 

28(4) 

4.0 

8 

V-A    rh3rthm,    qiiick. 
Later  V  is  irregular 

30min. 

Started  by  stim- 
ulating base  of 
V  on  right. 
Stopped  by  jar- 
ring 

29(3) 

5.0 

12 

Slow  V-A  rhythm,  fol- 
lowing fibriUation 

4min. 

Started  by  stim- 
ulating base  of 
V       on        left 

29(4) 

5.0 

16 

Slow  V-A  rhythm,  fol- 
lowing  fibrillation 

4min. 

Started  by  stim- 
ulating base  of 
V  on  right. 
Stopped  by  fa- 
radio  to  funnel 

29(5)a 

5.0 

13 

Fibrillati<»  of  both  A 
and  V,  ending  in  two 
quick  V-A  cycles 

15  sec. 

Started  by  stimu- 
lating base  of 
V  on  right 

29(5)b 

5.0 

15 

Fibrillation  of  both  A 
and  V,  ending  with 
three  quick  V-A  cy- 
cles 

9  tec. 

Started  by  stimu- 
lating base  of 
V  on  left 

36(3) 

0.0 

3 

Slow  V-A  rhythm,  fol- 
lowed by  rapid  and 
irregular  V  contrac- 
tions, A  regular,  fi- 
nally rapid  V-A 

19  min. 

Figures  15, 16 

36(4) 

0.0 

15 

Fibrillation  of  both  V 
and  A,  followed  by 
very    rapid    V    sys- 
toles,  finally  devel- 
oping      2:1       V-A 
rhythm 

5min. 

Stopped  by  jar- 
ring table 

36(6) 

4.0 

13 

Rapid    and    incoordi- 
nated  Vand  A  rhythm, 
later  developing  2: 1 
V-A  rhythm 

3  min. 

Figure  14 
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TABLE  ^-ConHntui 


NO. 

« 

as 

o 

RK8ULT 

OURATION 

HEMAWgS 

H 

me. 

36(6) 

0.0 

9 

Fibrillation    of    both, 
followed     by     V-A 
rhythm 

4min. 

36(7) 

0.0 

9 

Fibrillation    of    both, 
followed  by  2:1  V-A 
rh3rthni 

5min. 

\ 

36(8) 

4.0 

16 

Fibrillation    of    both, 
followed     by     V-A 
rhythm 

9min. 

36(9) 

2.0 

11 

Fibrillation    of    both, 
followed  by  2: 1  V-A 

40  sec. 

Stopped  by  fa- 
radic  to  funnel 

36(10) 

3.0 

10 

Fibrillation    of    both, 
followed  by  V-A 

30  sec. 

Stopped,  by  fa- 
radic  to  funnel 

39(3) 

4.0 

1 

Slow  V-A  rhythm  of 
five  pulses 

60  sec. 

Figure  12 

49(1) 

1.0 

11 

Fibrillation  of  A,  very 
rapid  contractions  of 
V,  followed  by  V-A 

9min. 

• 

S3(2) 

0.0 

15 

A  rhythm,  V  fibrilla- 
tion,    followed     by 
very   quick   V   con- 
tractions giving  2: 1 
V-A 

86  sec. 

Figure  17 

57(2) 

2.0 

15 

A  fibriUation,  rapid  V 
contractions,  follow- 
ed by  V-A  rhythm 

90  sec. 

Figure  13            \ 

61(1) 

6.0 

17 

Rapid  V  contractions 
becoming    irregular, 
but  coordinated  with 
A  contractions 

5min. 

Figures  21  and  2^. 
Started  by  Btinp- 
ulating  right 
auricle 

81(2) 

4.0 

19 

Very        rapid        V-A 
rhythm,      gradually 
slowing  and  becom- 
ing irregular 

200min.+ 

Figures  18,  19 
and  20             \ 

Painted 

\ 

turtle,  (1) 

3.0 

1 

Slow  V-A  rhythm  of 
nine  pulses 

65  sec. 

• 

1(2) 

5.0 

1 

Slow  V-A  rhythm 

3  min. 

1(3) 

5.0 

1 

Slow  V-A  rhythm 

7  min. 

1(4) 

4.0 

1 

Slow  V-A  rhythm 

5  min. 
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later  the  A~V  connection  was  cut  through  just  above  the  base  of  the 
V  (see  ♦♦).  The  A  immediately  stood  still  while  the  V  continued  to 
beat.  The  last  part  of  figure  19  shows  a  record  taken  seventeen  min- 
utes later  (an  hour  and  seventeen  minutes  after  stimulation).  Several 
attempts  were  made  to  stop  this  rhythm  by  electric  stimulation  (see  fig. 
20).  At  12.52  (the  stimulation  having  taken  place  at  11.15)  the  record 
shown  in  the  second  part  of  this  figure  was  taken.  The  levers  were 
then  detached  from  the  A  and  V  and  the  two  parts  placed  in  a  moist 
chamber.  At  2.35  the  V  was  beating  between  fourteen  and  sixteen 
times  per  minute.  No  further  opportunity  of  making  observations 
was  offered  until  5.25  and  dumg  the  interval  the  V  had  become  still. 

This  "funnel  rhythm"  can  be  produced  by  stimulating  the  A  or 
the  V  as  well  as  the  funnel  itself.  A  strong  current  was  sent  into  the 
middle  portion  of  the  funnel  of  a  heart  with  the  results  shown  in  the 
first  part  of  figure  21.  Five  minutes  later  the  same  strength  of  cur- 
rent was  sent  into  the  right  auricle  with  the  result  of  starting  a  rapid 
rhythm  which,  when  the  current  was  broken  continued  as  a  regular, 
rapid  rhythm  for  about  twenty-five  seconds,  to  then  become  quicker 
and  irregular,  while  the  A  began  to  beat  more  vigorously  and  regu- 
larly. Figure  22  is  a  portion  of  a  record  taken  three  minutes  later. 
The  V  is  beating  irregularly  and  in  groups,  but  the  separate  beats 
can  be  seen  to  be  coordinated  with  those  of  the  A.  Soon  after  thiis 
the  impulse  formation  was  stopped  by  moistening  the  heart  with  Ringer. 

In  this  particular  case  it  may  'be  a  question  as  to  where  the  impulse 
for  this  rh)rthm  was  being  formed.  Presumably  in  the  funnel  sincfe 
with  the  strength  of  current  used  there  mjust  have  been  escape  of  curi- 
rent  to  the  funnel.  In  several  cases  in  which  a  rhythm  had  been 
started  by  stimulating  the  A  in  the  manner  just  described,  the  effects 
of  cutting  the  A-V  connection  were  tried.  Usually  the  rhythm  stopped 
immediately.  Occasionally,  however,  the  V  keeps  on  beating  while 
the  A  stops.  These  results  lead  to  the  conclusion  that,  although  the 
A  was  stimulated,  the  impulses  were  excited  to  arise  not  in  the  A  but 
in  the  funnel.    This  mat.ter  will  be  referred  to  later. 

As  to  the  relative  frequency  with  which  the  various  forms  of  rhythmic 
contractions  set  up  by  automatic  funnel  impulses  may  be  obtained, 
reference  may  be  again  made  to  Haberlandt  for  the  order  which  he 
obtained  in  the  frog.  (1)  The  production  of  series  of  slow  pulsations, 
(2)  rapid  V  contractions,  whose  frequency  is  so  great  as  not  to  permit 
of  complete  relaxation  between  them,  and  (3)  the  very  frequent  V 
contractions  which  may  arise  from  overlasting  fibrillation. 
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In  the  still  heart  of  Malacoclemmys  the  most  frequent  form  of  fim- 
nel  rhythm  is  a  fibrillation  of  the  V  which  may  later  change  into  any 
of  the  others  but  the  very  slow  V-A  pulsations.  Most  frequently  the 
fibrillation  changes  to  a  fairly  rapid  V-A  rhythm,  as  in  figure  14,  or 
to  a  very  rapid  rhythm  as  in  figures  17  and  18.  Only  verj*^  occasionally 
does  the  fibrillation  go  over  into  a  slow  V-A  rhythm  as  in  figure  15, 
which  may  arise  immediately  after  or  even  during  the  stimulation. 
Sometimes  the  V-A  rhj^hm  develops  from  a  rapid  rhythm  as  in  fig- 
lu-e  13.  And  least  frequently  of  all  do  the  funnel  impulses  take  the 
form  of  a  slow  V-A  rhythm,  as  in  figure  12.  The  A  is  included  in  all, 
usually  coordina^ted  with  the  V/  and  often  in  a  1 : 1  ratio. 

DISCUSSION  AND  CONCLUSIONS 

In  addition  to  there  being  a  differentiation  in  conductivity  in  the  A-V 
connection  of  Malacoclemmys  geographica,  the  same  parts  of  the 
funnel,  viz.,  the  right  and  left,  show  also  a  differentiation  in  irritability, 
it  being  possible  to  more  easily  produce  a  contraction  of  the  V,  and 
of  the  A,  by  stimulating  them.  The  differences  are  more  clearly  seen 
in  the  still  heart  and  by  using  interrupted  currents. 

It  is  possible  to  initiate  the  formation  of  rhythmic  impulses  in  both 
beating  and  stiU  hearts  by  stimulating  the  funnel  with  interrupted 
currents.  The  impulses  arise  in  the  A-V  connection  and  probably 
in  the  V  portion  of  this.  The  rhythmic  contractions  which  these 
impulses  give  rise  to  take  various  forms  as  has  been  described  and 
illustrated  above.  It  is,  however,  impossible  to  find  any  portion  of 
the  funnel  which  seems  to  possess  this  ability  to  give  rise  to  automatic 
rhythmic  impulses  in  greater  degree  than  others.  The  strength  of 
stimulus  necessary  to  produce  the  formation  of  the  impulses  is  so  strong 
that  it  is  impossible  to  contend  that  a  certain  portion  only  is  being 
stimulated  and  that  there  is  not  an  escape  of  current.  Furthermore, 
stimulation  of  the  A  and  of  the  V  (apex,  middle  or  base)  can  also  in- 
itiate a  rhythm  which  lasts  over  after  the  stimulation  is  discontinued. 
Haberlandt  was  able  to  show  that  it  required  stronger  stimuli  when 
the  base  of  the  V  of  the  frog  was  stimulated  than  when  the  current 
was  sent  into  the  funnel.  The  rhythm  set  up  is,  however,  always  due 
to  impulses  arising  in  the  funnel  which  is  excited  by  the  spread  of  the 
current  from  the  place  stimulated. 

Single  shocks  are  ineffective  in  producing  a  rhythm  in  the  turtle 
heart  except  for  the  few  easels  described  above,  as  are  faradic  currents 
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of  threshold  or  near  threshold  strength.  Haberlandt  found  that  he 
could  reverse  the  sequence  of  the  beat  in  the  frog's  heart  by  a  single 
shock.  It  is  difficult  to  imderstand  why  it  is  so  cotnparatively  easy 
to  do  this  when  the  rapidly  arising  impulses  in  the  funnel  resulting 
from  faradic  stimulation  giving  rise  to  the  characteristic  contractions 
of  the  V  are  not  also  able  to  suppress  the  Si  rhythm  and  to  control 
the  beat  of  the  A.  Haberlandt  (10)  cites  as  corroborative  evidence 
Eckstein's  results  (12)  on  the  beating  of  the  A  in  normal  rhythm  when 
the  frequency  of  the  V  contractions  was  increased  by  artificial  stimu- 
lation. It  should  be  remembered,  however,  that  Eckstein  also  foimd 
that  the  V  might  beat  more  slowly  than  the  A  wh^n  the  latter  was 
artificially  stimulated,  and  Haberlandt  also  observed  (10)  that  dur- 
ing overlasting  fibrillation  of  the  A,  the  V  may  beat  in  an  apparently 
normal  frequency,  the  impulses  for  the  V  contractions  coming  from 
the  fimnel.  As  above  shown  in  the  still  heart  of  Malacoclemmys 
the  funnel  impulses  always  go  over  to  the  A. 

Haberlandt  (3)  reported  that  sometimes  by  electrical  stimulation 
of  the  still  heart  an  automatic  rhythm  may  be  started  which  has  its 
seat  of  origin  in  the  A  or  in  the  A  part  of  the  A-V  connection.  He 
cites  Engelmann's  results  (13)  and  Seemann's  (14)  substantiation  of 
them  with  the  electrocardiogram,  as  well  as  Lohmann's  (15)  obser- 
vation, in  support  of  his  contention.  Engelmann's  and  Seemann's 
results  are  no  doubt  to  be  taken  as  evidence  that  the  "fimnel  rhythm" 
may  arise  in  the  A  part  of  the  connection,  and  that  the  impulses  there- 
fore reach  the  A  slightly  before  they  reach  the  V.  This  is,  however, 
still  a  "fimnel  rhythm"  and  not  an  auricular  rhythm  as  Seemann 
would  have  us  believe  it  is.  Lohmann's  results  are,  it  seems  to  me, 
diflFerent.  By  suspending  the  Si  and  A,  after  cutting  oflf  the  V,  he 
observed  in  the  frog  and  turtle  that  often  the  registered  contractions 
of  the  A  were  faster  than,  and  not  coordinated  with  those  of  the  Si. 
He  concludes  that  the  A  is  beating  in  a  rhythm  of  its  own.  The  ques- 
tion as  to  just  where  the  pace-maker  in  the  turtle  heart  is  has  not  been 
until  recently,  if  now,  definitely  settled.  The  conflicting  views  on 
this  matter  are  reserved  for  later  discussion,  but  a  possible  explanation 
may  now  be  put  forward  of  the  results  which  Lohmann  obtained.  In 
all  probability  Lohmann  suspended  a  part  of  the  Si  removed  from  the 
junction  with  the  A,  possibly  a  part  of  one  of  the  veins,  in  which  the 
rate  of  contraction  (or  the  rate  of  impulse  formation)  was  slower  and 
in  no  definite  ratio  to  that  of  the  pace-maker,  the  impulses  from  which 
were  setting  the  pace  for  the  A  contractions.    This  would  give  rise  to 
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the  lack  of  coordination  between  the  rates  of  contraction  of  the  two 
parts  which  he  was  registering. 

In  addition  to  the  experiments  on  stimulating  the  A  directly,  the 
results  of  which  have  been  briefly  referred  to  above,  experiments  were 
also  made  on  stimulating  the  still  A  and  V  after  they  had  been  divided 
at  the  A-V  boundary  as  close  to  the  V  as  possible.  It  will  be  remem- 
bered that  it  was  conclusively  shown  (1)  that  the  still  V  placed  in  a 
moist  chamber  might,  and  usually  did,  develop  a  slow  rhythm,  and 
that  the  sinusless  A  did  not.  By  stimulating  the  funnel  of  the  isolated 
V  by  electrodes  stuck  through  the  middle  of  the  base  a  rhythm  could 
be  started  showing  the  various  characteristics  above  described.  When 
the  A  on  the  other  hand  was  stimulated,  whether  at  the  A  end  of  the 
funnel  or  elsewhere,  this  automatic* rhythm  did  not  result.  Also  in 
the  cases  mentioned  above  in  which  a  rhythm  had  been  started  by  the 
stimulation  of  the  A,  and  in  which  the  A-V  connection  was  then  cut, 
the  A  invariably  stood  still,  while  in  a  few  the  V  continued  to  beat. 
All  these  negative  results  on  the  production  of  an  A  rhythm  lead  to 
the  conclusion  that  the  rhythm  started  in  the  heart  has  its  origin  in 
impulses  arising  in  the  A-V  funnel  and  usually  in  that  part  below  the 
level  of  the  A-V  boimdary. 

We  have  seen  that  it  is  impossible  to  produce  this  "funnel  rhythm" 
in  the  intact  heart  by  even  the  strongest  stimuli,  further  that  it  can  be 
occasionally  produced  in  the  excised  beating  heart,  and  most  frequently 
in  the  still,  sinusless  heart.  These  facts  make  it  seem  probable  that  the 
failure  of  the  funnel  impulses  to  materiaUze  is  due  to  the  presence  of 
the  Si  impulses  which  assert  themselves  and  blot  out  the  funnel  im- 
pulses. Furthermore  in  the  beating  excised  hearts  it  is  only  in  rela- 
tively old  preparations  that  the  funnel  impulses  seem  to  be  able  to 
last  over  for  any  length  of  time.  The  conclusion  may  therefore  be 
drawn  that  the  Si  impulses  must  be  weak,  or  that  the  Si  impulses  must 
be  blocked  from  reaching  the  funnel  in  order  that  the  funnel  impulses 
should  have  a  chance  to  get  started.  This  may  seemingly  be  done 
by  causing  the  auricles  to  fibrillate  or  to  stop  beating,  as  the  result 
of  intracardial  vagal  stimulation  (negative  inotropic  or  even  dromo- 
tropic  influence),  or  as  the  result  of  a  refractory  condition  of  the  A 
fibers  caused  by  the  rapid  contractions.  After  the  funnel  impulses 
have  gotten  started  they  seem  to  have  a  better  chance  to  continue, 
and  thus  set  up  a  rhythm  of  the  V.  After  this  the  A  may  then  begin 
to  beat,  weakly  at  first,  and  either  following  the  Si  impulses  or  those 
of  the  funnel.     It  has  again  and  again  been  observed  when  a  rapid 
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regular  rhythm  or  fibrillation  of  the  V  has  been  started  by  faradiza- 
tion of  the  funnel,  that  it  lasts  over  only  so  long  as  the  A  contractiotis 
(from  the  Si)  remain  suppressed.  As  soon  as  the  Si  impulses  are  able 
to  get  through  to  the  funnel  the  formation  of  the  funnel  impulses  is 
stopped. 

SUMMARY 

1.  There  is  a  differentiation  in  irritabiUty  as  well  as  in  conductivity 
in  the  A-V  connection  of  the  tmi;le  Malacoclemm3rs  geographica,  the 
right  and  left  parts  having  a  lower  threshold,  as  indicated  by  the  strength 
of  stimulus  necessary  to  produce  an  impulse  for  contraction. 

2.  No  part  of  the  connection  has  been  found  to  possess  in  higher 
degree  than  others  the  fimction  bf  impulse  formation. 

3.  By  faradic  stimulation  of  the  connection  it  is  possible  to  initiate 
the  formation  of  automatic  impulses  there  which  give  rise  to  a  variety 
of  forms  of  contraction.  Single  shocks  do  not  have  this,  capacity,  with 
the  exception  illustrated  in  figure  1.  A  series  of  quick  double  induction 
shocks  may,  however,  start  the  formation  of  impulses  which  produce 
a  rapid  rhythmic  V  beat  (fig.  2)  or  a  V  fibrillation  and  rapid  A  beat 
followed  by  a  V-A  rh}i;hm  (fig.  3). 

4.  The  rhythmic  contractions  proceeding  from  funnel  impulses  in 
the  beating  heart  may  take  the  form  of: 

a.  Rapid  V  contractions  in  which  the  A  does  not  take  part  (figs. 
4,  5  and  6),  though  its  frequency  of  beat  may  be  sUghtly  increased, 

6.  V  fibrillation  for  a  longer  or  shorter  time,  which  later  may  develop 
into  some  other  form  of  "funnel  rhythm."  The  A  usually  fibrillates 
also,  but  not  for  so  long  a  time  as  the  V,  and  either  stands  still  or  be- 
gins to  beat  rapidly  and  rhythmically  (fig.  7a). 

c.  V  flutter,  or  very  rapid  but  regular  V  contractions,  the  A  usually 
continuing  to  beat  at  the  normal  rate  though  slightly  irregular  (fig.  10) 
and  sometimes  sUghtly  accelerated.  Occasionally  the  A  is  included 
in  the  funnel  rh3rthm.  The  rapid  V  contractions  may  become  very 
irregular  and  remain  so  up  to  the  time  of  disappearance,  or  they  may 
again  become  regular  and  thus  alternate  several  times. 

d.  Typical  V-A  rhythm  developing  secondarily  from  either  V  fibril- 
lation (fig.  7a),  or  from  very  rapid  V  contractions. 

5.  The  rhythmic  contractions  proceeding  from  fimnel  impulses  in 
the  still  heart  may  take  the  form  of: 

a.  Slow  V-A  rhythm  (fig.  12). 
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6.  V  fibrillation,  while  the  A  fibrillates,  or  stands  still  or  beats  in  an 
irregular  rhythm.  This  type  of  funnel  rhythm  maj''  give  rise  to  any 
of  the  others,  except  the  slow  V-A  rhythm  (figs.  14,  15,  17,  18). 

c.  Typical  V-A  rhythm  which  may  develop  immediately  after  the 
stimulation  (fig.  13)  or  after  fibrillation  and  rapid  V  contractions  (figs. 
14, 15). 

d.  Very  rapid  V-A  rhythm  arising  almost  immediately  after  stimu- 
lation and  following  a  very  short  fibrillation  (figs.  17,  18). 
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The  Eck  fistula  presents  an  easy  method  by  which  the  blood  supply 
of  the  liver  can  be  diminished,  and  changed  from  a  mixed  venous- 
arterial  blood  supply  to  a  pure  arterial  circulation.  The  term  Eck  fis- 
tula in  this  paper  means  a  free  anastomosis  between  portal  vein  and 
vena  cava  together  with  ligation  of  the  vena  porta  between  the  anasto- 
mosis and  hilum  of  the  liver.  This  operation  deviates  all  the  portal 
blood  away  from  the  liver  into  the  vena  cava  and  limits  the  blood  sup- 
ply of  the  liver  to  the  hepatic  artery.  Dogs  with  an  Eck  fistula  on  a 
suitable  diet  may  live  a  normal  life  for  two  years  or  longer. 

It  is  not  surprising  that  the  Eck  fistula  liver  is  foimd  to  be  smaller 
than  normal — a  decrease  from  the  normal  liver  weight  of  20  per  cent 
on  the  average.  When  we  recall  that  normally  three-fourths  of  its  blood 
is  brought  to  the  liver  by  the  portal  vein  (Burton-Opitz  (1) ),  the  won- 
der is  that  the.  liver  stands  the  operation  as  well  as  it  does  without  show- 
ing more  atrophy  and  degeneration.  The  Eck  fistula  liver  of  some 
months  duration  will  show  invariably  a  definite  atrophy  of  the  liver 
cells  in  every  lobule.  There  is  present,  too,  a  definite  fatty  degenera- 
tion of  the  liver  cells  in  the  center  of  the  liver  lobules  and  some  increase 
in  the  finely  granular  lipochrome  pigment  of  the  liver  cells. 

There  is  positive  evidence  that  this  atrophic  Eck  fistula  liver  is  func- 
tionally inefllcient.  Phenoltetrachlorphthalein  (2)  injected  into  the 
blood  is  excreted  in  the  bile,  and  under  uniform  conditions  gives  some 
evidence  of  the  functional  capacity  of  the  liver.  liver  poisons  will 
cause  a  decreased  output  of  this  tetrachlorphthalein  in  proportion  to 
the  amount  of  liver  injury.  The  Eck  fistula  liver  shows  a  diminished 
capacity  to  excrete  phenoltetrachlorphthalein — usually  two-thirds  or 
three-fourths  normal  capacity,  after  the  liver  atrophy  and  degenera- 
tion have  had  time  to  become  established.    We  have  anatomical  as 
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well  as  functional  evidence  that  the  Eck  fistula  liver  is  functionally 
below  normal. 

We  have  pointed  out  (3)  that  Eck  fistula  dogs  with  obstructed  com- 
mon bile  ducts  develop  a  distinct  icterus,  which,  however,  is  much  less 
intense  than  that  observed  with  bile  duct  obstruction  in  a  normal  dog. 
This  suggested  to  us  that  the  production  of  bile  pigments  might  de- 
pend in  part  on  the  functional  activity  of  the  liver  parenchyma.  In 
other'  words,  that  bile  pigment  formation  might  be  in  part  a  true  syn- 
thesis due  to  liver  cell  activity  rather  than  a  passive  metamorphosis  of 
hemoglobin  pigment  to  bile  pigment  depending  solely  on  the  supply 
of  hemoglobin  brought  to  the  liver. 

The  experiments  given  below  show  that  an  Eck  fistula  dog  with  a 
bile  fistula  puts  out  much  less  bile  pigment  than  a  simple  bile  fistula. 

EXPERIMENTAL   OBSERVATIONS 

The  general  technique  of  the  bile  fistula  experiments  is  exactly  the 
same  as  described  in  an  earlier  contribution  (4).  The  routine  care  of 
animals  and  methods  of  collection  and  analysis  of  bile  have  also  been 
described  in  detail.  The  Eck  fistula  operation  used  here  was  devised 
by  Jeger  (5),  and  consists  of  a  lateral  anastomosis  between  the  portal 
and  vena  cava  by  means  of  special  clamps.  It  is  much  like  a  simple 
entero-enterostomy  done  with  the  usual  spring  clamps.  The  portal 
vein  is  then  ligated  above  the  fistula  as  close  to  the  Uver  as  possible. 
These  Eck  fistula  dogs  will  live  a  normal  existence  in  almost  every  re- 
spect if  kept  on  a  limited  diet.  Bones  and  milk  are  important  elements 
of  this  diet,  and  the  calcium  may  be  the  most  important  factor.  At 
times  these  dogs  develop  peculiar  intoxications  which  may  be  fatal  or 
at  times  inay  be  warded  off  by  the  administration  of  calcium  salts. 
Exercise  is  very  important  for  these  animals.  The  best  results  have 
been  attained  when  an  Eck  fistula  was  performed  first,  followed  after 
weeks  or  months  by  the  bile  fistula  operation. 

Eck  fislvla  and  bile  fistula 

Dog  16-16,    Consult  tables  31,  32  and  33. 

September  13,  1915.    Eck  fistula  operation,  weight  23.5  pounds. 

September  25.    Dog  at  lowest  weight,  20.5  pounds. 

February  17,  1916.    Simple  bile  fistula,  weight  23.5  pounds. 

Common  bile  duct  doubly  ligated  but  not  cut.    Hemoglobin  101  per  cent. 

February  21.    Dog  normal,  weight  23  pounds.    Hemoglobip  98  per  cent. 

March  3.    Dog  active  and  normal.    See  table  31. 
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March  24.  Dog  active  and  normal.  Weight  20.3  pounds.  Hemoglobin  51 
per  cent. 

April  3.  Dog  active  and  normal.  Weight  21.3  pounds.  Hemoglobin  38  per 
cent. 

April  10.  Dog  active  and  normal.  Weight  20.8  pounds.  Hemoglobin  41  per 
cent. 

April  17.  Dog  active  and  normal.  Weight  21.8  pounds.  Hemoglobin  49  per 
cent. 

April  24.    Dog  active  and  normal.    See  table  32. 

June  19.  Dog  active  and  normal.  Weight  20  pounds.  Hemoglobin  78  per 
cent. 

July  5.  Dog  active  and  normal.  Weight  20.8  pounds.  Hemoglobin  98  per 
cent.    Red  blood  cells  6,332,000. 

During  summer  dog  was  in  good  condition,  active  and  strong.  Usual  routine 
collection. 

September  5.    Dog  active  and  normal;  usual  routine.    See  table  33. 

December  1,  1916.    Dog  continues  in  the  usual  condition. 

TABLE  31 

Eck  fistula,  bile  fisttda  and  bile  secretion 

Dog  16-15* 


Bn.K 

RBMABSB 

DATB 

Amount  in  cubic  centi- 
meters 

Bile  pigments  in  milli- 
grams 

1 

1 

J 

2 

i^ 

1 

2 

1 

1 

to 

li 

Bread,  bone  and  milk  diet 

1916 

I6». 

March    3 

8 

19 

16 

43 

1.0 

3.9 

4.0 

8.9 

21.5 

Urine  contains  trace  of 
bile  pigment 

March    4 

52 

14.0 

21.8 

March    6 

19 

14 

15 

38 

3.2 

5.4 

6.4 

15.0 

21.5 

March    7 

12 

14 

15 

41 

2.7 

3.5 

4.1 

10.3 

21.5 

Hemoglobin  62  per  cent 

March    8 

11 

12 

12 

35 

4.4 

4.8 

5.2 

14.4 

21.8 

Stools  contain  no  ster- 

\ 

cobilin 

March    9 

15 

15 

13 

43 

4.4 

4.4 

4.1 

12.9 

22.0 

March  10 

13 

10 

10 

33 

4.1 

4.7 

6.8 

15.6 

22.0 

March  11 

40 

11.6 

21.8 

March  13 

7 

9 

7 

23 

1.6 

2.2 

2.3 

6.1 

22.3 

Hemoglobin  45  per  cent 

March  14 

14 

18 

17 

49 

3.2 

4.0 

2.8 

10.0 

22.0 

Average 

40 

11.8 

21.8 

♦  Eck  fistula  operation  September  13,  1915,  weight  23.5  pounds.    Bile  fistula 
operation  February  17.  1916,  weight  23.5  pounds. 
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TABLE  33 

Eck  fistula^  bile  fistula  and  bile  secretion 
Dog  16-15* 


BILE 

RBMABK8 

Amount  in 

cubic  oenti- 

Bile  pigments  in  miili* 

DATS 

meters 

grams 

i 

o 

Bread,  bone  and  milk  diet 

1 

J 

5^ 

1 

J 

s 

J3 

3^ 

« 

1 

2 

t 

e« 

I 

r 

S 

me 

lb». 

April  24 

46 

19 

20 

84 

2.3 

1.3 

1.8 

5.4 

22.0 

Hemoglobin  60  per  cent 

April  25 

23 

15 

15 

53 

3.1 

3.4 

1.3 

7.8 

22.1 

April  26 

20 

17 

18 

55 

1.8 

2.3 

2.0 

6.1 

22.3 

April  27 

14 

14 

22 

50 

2.2 

2.8 

2.0 

7.0 

22.5 

April  28 

23 

17 

19 

59 

2.6 

2.3 

2.1 

7.0 

22.4 

April  29 

36 

8.8 

22.5 

May     1 

21 

16 

18 

55 

4.9 

2.3 

3.1 

10.3 

22.0 

Hemoglobin  58  per  cent 

May    4 

9 

4 

8 

21 

3.1 

2.4 

1.8 

7.3 

22.0 

May    5 

11 

16 

12 

39 

1.2 

2.2 

1.9 

5.3 

22.3 

• 

May     6 

44 

5.0 

22.0 

May    8 

23 

20 

19 

62 

2.6 

1.4 

1.3 

5.3 

21.5 

Hemoglobin  71  per  cent 

May    9 

15 

9 

6 

30 

0.9 

0.8 

0.5 

2.2 

21.8 

May  10 

11 

18 

18 

47 

1.5 

4.0 

2.8 

8.3 

22.0 

May  11 

20 

6 

8 

34 

1.0 

0.6 

0.4 

2.0 

22.5 

May  12 

14 

5 

8 

27 

1.0 

0.3 

0.6 

1.9 

22.5 

May  13 

28 

3.8 

22.5 

May  15 

22 

11 

17 

50 

3.5 

2.4 

2.7 

8.6 

22.0 

Hemoglobin  79  per  cent 

May  16 

7 

13 

10 

30 

0.6 

1.2 

0.7 

2.5 

22.1 

May  17 

7 

8 

7 

22 

0.4 

0.6 

0.5 

1.5 

22.8 

May  18 

19 

7 

6 

32 

2.6 

1.0 

0.4 

4.0 

22.3 

May  19 

12 

8 

13 

33 

2.2 

1.6 

3.2 

7.0 

22.3 

May  20 

30 

6.8 

22.0 

May  22 

22 

12 

8 

42 

4.0 

1.4 

0.5 

5.9 

21.8 

Hemoglobin  67  per  cent 

May  23 

6 

6 

7 

19 

0.4 

0.7 

1.0 

2.1 

21.8 

May  24 

15 

5 

5 

25 

3.4 

0.4 

0.7 

4.5 

22.0 

May  25 

12 

7 

5 

24 

4.9 

2.2 

0.3 

7.4 

21.8 

May  26 

11 

6 

3 

20 

2.9 

1.8 

0.4 

5.1 

21.8 

May  27 

20 

5.4 

21.8 

• 

Mav  29 

18 

9 

6 

33 

7.2 

2.8 

1.7 

11.7 

21.5 

Hemoglobin  64  per  cent 

May  30 

10 

5 

11 

26 

1.1 

0.7 

2.0 

3.8 

21.3 

June    3 

70 

8.2 

21.0 

June    5 

26 

18 

12 

56 

2.4 

2.0 

0.8 

5.2 

21.0 

Hemoglobin  74  per  cent 

Average 

39 

5.7 

22.0 

*  Eck  fistula  operation  September  13,  1915,  weight  23.5  pounds.    Bile  fi«tula 
operation  February  17,  1916,  weight  23  5  pounds.    Urine  free  from  bile  pigments. 
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TABLE  33 

Eck  fistuUif  bile  fisttda  and  bile  secretion 

Dog  16-15* 


BILE 

RBMARK8 

Amount  in 

cubic  centi- 

Bile  pigments  in  milli- 

OATK 

meters 

grams 

b 

Bread,  bone  and  milk  diet 

1 

1 

e 

1^ 

1 

1 

e 

1^ 

CI 

I 

J 

t 

ct 

: 

t 

H 

me 

Jb». 

September   5 

17 

10 

11 

38 

1.9 

2.3 

2.9 

7.1 

22.0 

Stools    contain    no 
stercobilin 

September    6 

10 

8 

4 

22 

2.0 

1.6 

0.7 

4.3 

22.5 

September   7 

13 

6 

4 

23 

2.0 

0.8 

0.5 

3.3 

22.3 

September   8 

11 

14 

10 

35 

3.2 

3.5 

2.0 

8.7 

22.5 

September  11 

7 

2 

7 

16 

4.5 

1.5 

3.9 

9.9 

22.1 

September  12 

7 

6 

4 

16 

1.2 

1.0 

0.6 

2.8 

22.0 

R.  B.  C.  8,728,000. 
Hb.  103  per  cent 

September  13 

8 

6 

4 

18 

2.5 

3.2 

1.9 

7.6 

22.5 

September  14 

4 

9 

10 

23 

1.4 

4.0 

2.9 

8.9 

21.8 

September  16 

8 

9 

8 

25 

0.9 

1.0 

0.9 

2.8 

22.0 

September  16 

24 

14.4 

22.5 

September  18 

6 

6 

6 

18 

2.8 

6.2 

4.6 

13.6 

22.1 

September  19 

16 

7 

3 

26 

3.6 

1.2 

0.2 

5.0 

22.0 

Stools  contain  a  trace 
of  stercobilin 

September  20 

8 

7 

3 

18 

5.0 

6.4 

1.4 

12.8 

22.5 

R.  B.  C.  7,408,000. 
Hemoglobin  98  per 
cent 

September  21 

6 

2 

4 

11 

1.2 

0.4 

1.7 

3.3 

22.0 

Average 

22 

7.5 

22.2 

*  Eck  fistula  operation  September  13,  1915,  weight  23.5  lbs.  Bile  fistula  op- 
eration February  17,  1916,  weight  23.5  pounds.  Urine  at  no  time  contained  bile 
pigments. 

Simple  bile  fistula 

Dog  16-146.    Small,  active,  pugnacious,  mongrel  male. 

April  21,  1916.    Weight  18.8  pounds.      Hemoglobin  114  per  cent. 

Simple  bile  fistula.    Conunon  duct  ligated  and  cut. 

May  2.    Weight  17.5  pounds,  hemoglobin  97  per  cent.    Active  and  normal. 

May  8.    Weight  17.5  pounds,  hemoglobin  101  per  cent.    Active  and  normal. 

May  15.    See  table  34. 

During  this  time  dog  had  no  jaundice,  and  urine  was  free  from  bile  pigments. 

October  4.    Dog  is  in  good  condition. 
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This  dog  (16-146)  acts  as  control  for  dog  16-15  with  bile  and  Eck  fistula.  Both 
dogs  were  pugnacious,  active  adult  males  of  the  same  build  but  not  the  same 
breed.  The  control  is  smaller,  17  pounds  as  compared  with  22  pounds,  but  puts 
out  slightly  more  bile  than  the  Eck  fistula,  41  cc.  as  compared  with  the  average 
of  39  cc.  The  difference  in  bile  pigment  output  is  remarkable,  17.7  mgm.  for  the 
normal  as  contrasted  with  5.7  mgm.,  the  average  for  the  Eck  fistula. 

TABLE  34 
Simple  bile  fistula^  control  for  Eck  fisttUa.    Contrast  tables  Si  and  SS 

Dog  16-146* 


BILE' 

BBMABKS 

Amount  in 

cubic  oenti- 

Bile  pigment*  in  milli- 

DATS 

meters 

grams 

Mixed  diet 

1 

1 

1 

1^ 

C 

5 

J 

5 

e« 

X 

to 

Ir 

7 

1 

2 

s 

1916 

lU. 

May  15 

9 

13 

12 

34 

5.2 

8.2 

4.8 

18.2 

17.3 

Hemoglobin  98  per  cent 

May  16 

14 

15 

14 

43 

4.7 

6.4 

5.0 

16.1 

17.5 

May  17 

12 

14 

14 

40 

4.6 

5.6 

5.0 

15.2 

17.8 

May  18 

8 

13 

19 

40 

3.1 

5.0 

5.6 

13.7 

18.0 

May  19 

9 

15 

17 

41 

5.1 

10.0 

6.8 

21.9 

17.8 

May  20 

40 

17.2 

18.0 

May  22 

14 

15 

20 

49 

5.4 

6.0 

6.8 

18.2 

17.8 

Hemoglobin  95  per  cent 

May  23 

8 

13 

15 

36 

4.6 

6.4 

6.0 

17.0 

18.0 

May  24 

18 

18 

17 

53 

6.4 

6.0 

5.4 

17.8 

18.3 

May  25 

8 

17 

18 

43 

4.0 

6.8 

5.7 

16.5 

18.1 

May  26 

16 

19 

18 

53 

6.1 

7.6 

6.0 

19.7 

18.3 

May  27 

32 

19.4 

18.0 

May  29 

14 

16 

15 

45 

6.2 

7.2 

5.7 

19.1 

17.8 

Hemoglobin  96  per  cent 

May  30 

9 

7 

8 

24 

4.9 

6.1 

7.4 

1S.4 

18.0 

Average 

41 

17.7 

17.1 

*  Bile  fistula  operation  April  21,  1916.  Weight  18.8  pounds.  Urine  free  from 
bile  pigment. 

Eck  fistula  and  bile  fistula 

Dog  16-16.    Strong  white  bull  dog,  female. 

May  13,  1915.  Weight  32  pounds,  hemoglobin  91  per  cent.  Red  blood  cells 
5,376,000. 

Operation,  Eck  fistula  and  bile  fistula  done  at  same  time.  Common  duct 
ligated  and  cut. 

May  25.  Dog  in  good  condition,  weight  30.3  pounds,  hemoglobin  90  per  cent. 
Red  blood  cells.  5,248.000. 


Digitized  by 


Google 


560 


G.    H.   WHIPPLE   AND   C.   W.   HOOPER 


May  31.    See  table  35. 

July  16,  1915.    Dog  intoxicated  and  was  sacrificed. 

Autopsy.  The  Eck  fistula  is  wide  open,  and  the  portal  vein  above  it  is  oblit- 
erated. Bile  fistula  in  good  condition,  common  duct'  obliterated  at  its  entrance 
into  duodenimi.    Other  findings  not  germain  to  this  e  periment. 

TABLE  36 

Eck  fiatuUif  bile  fistula  and  bile  secretion 

Dog  15-15* 


BILK 

H 

RBMARXS 

DATS 

Amount  in  cubic  oenti- 
meton 

Bile  pigments  in  milli- 
grams 

ft 

M 
e« 
i 

J 

T 

CO 

1^ 

1 

c« 

1 

S 

2 

e 

Diett 

1916 

«>?. 

May  31 

15 

15 

16 

46 

3.1 

3.4 

2.9 

9.4 

29.5 

May  13  R.  B.  C.  5,376, 
000.      Hemoglobin  91 
per  cent 

June    1 

18 

22 

15 

55 

3.5 

4.3 

2.6 

10.4 

30.0 

R.  B.  C.  5,200,000. 
Hemoglobin  92  per 
cent 

June   2 

13 

11 

16 

40 

1.8 

2.0 

2.8 

6.6 

29.5 

June   3 

15 

15 

22 

52 

2.0 

2.6 

3.5 

8.1 

29.5 

Stools  contain  no  stero- 
cobilin 

June   7 

24 

22 

23 

69 

7.5 

7.2 

7.3 

22.0 

29.3 

June   H 

11 

16 

28 

55 

0.1 

0.7 

1.6 

2.4 

29.3 

June   9 

20 

23 

18 

61 

3.1 

6.1 

5.1 

14.3 

30.0 

June  10 

19 

18 

21 

58 

2.5 

2.5 

4.3 

9.3 

30.3 

June  11 

8 

10 

15 

33 

1.3 

2.7 

3.6 

7.6 

30.0 

Hemoglobin  90  per  cent 

June  14 

29 

26 

16 

71 

2.6 

3.0 

2.9 

8.5 

29.5 

Stools  contain  no  ster- 
cobilin 

Average 

. 

54 

9.8 

29.6 

♦  Bile  fistula  and  Eck  fistula  operations  May  13,  1915. 
t  Diet  of  milk,  bread  and  bones  plus  50  grams  liver  each  day. 
at  most  a  trace  of  bile  pigments. 4 


Urine  contains 


Eck  fistula  and  biU  fistula 

Dog  16-1S9.    Black  and  white  mongrel  male. 

March  28,  1916.    Weight  32.5  pounds. 

Operation,  Eck  fistula  done  as  usual. 

April  10.    Good  condition,  weight  30.8  pounds,  hemoglobin  87  per  cent. 

April  24.    Good  condition,  weight  30.8  pounds,  hemoglobin  97  per  cent. 
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April  28.    Simple  bile  fistula  operation. 

May  16.    Weight  28.8  pounds,  hemoglobin  98  per  cent. 

May  17.    See  table  36. 

June  12.    Weight  29.5  pounds,  hemoglobin  88  per  cent,  good  condition. 

July  5.    Distemper  developed. 

July  8.    Death. 

Autopsy.  Sck  fistula  is  partly  occluded  except  for  three  small  openings,  prob- 
ably due  to  organized  thrombi.  The  portal  vein  above  the  fistula  is  com- 
pletely occluded.  The  bile  passages  are  pale  and  smooth.  The  bile  fistula  is 
perfect,  and  bile  is  completely  excluded  from  the  duodenum.  K  dneys  show 
miliary  abscesses. 

TABLE  36 

Eck  fistula f  biU  fistula  and  bile  secretion 

Dog  16-139* 


BILB 

i 

BXMABKS 

DATE 

Amount  in  cubic  centi- 
meters 

Bile  pigments  in  milli- 
grams 

1 

2 

1 

1 

2 

1 

1 

1 

3l 

Bread,  bone  and  milk  diet 

1916 

lb*. 

May  17 

4 

10 

8 

22 

2.2 

4.3 

2.6 

9.1 

29.0 

Urine    constantly    free 
from  bile  pigments 

May  18 

8 

8 

10 

26 

3.6 

3.6 

4.0 

11.2 

28.5 

May  19 

9 

9 

9 

27 

4.9 

4.0 

2.8 

11.7 

28.3 

May  20 

22 

14.9 

28.3 

May  22 

11 

9 

10 

30 

5.4 

4.2 

4.6 

14.2 

28.5 

Hemoglobin  96  per  cent 

May  23 

6 

5 

9 

23 

4.0 

2.5 

4.6 

11.1 

28.8 

May  24 

9 

11 

10 

30 

2.8 

4.4 

3.4 

10.6 

29.0 

May  25 

11 

13 

14 

38 

7.6 

6.4 

6.4 

20.4 

28.8 

May  26 

7 

9 

15 

31 

5.7 

5.2 

6.8 

17.7 

29.1 

May  27 

60 

18.8 

29.3 

May  29 

12 

10 

11 

33 

8.7 

6.0 

4.8 

19.5 

28.8 

Hemoglobin  86  per  cent 

May  30 

8 

9 

8 

25 

2.3 

3.4 

3.6 

9.3 

29.0 

May  31 

8 

12 

11 

31 

5.8 

6.4 

5.0 

17.2 

29.0 

Average 

31 

14.2 

28.8 

♦  Eck  fistula  operation  March  28,  1916,  weight  32.5  pounds.    Bile  fistula  oper- 
ation April  28,  1916,  weight  31.3  pounds. 

Dog  15-18.    Strong,  adult,  Airdale  female. 

March  26, 1915.    Weight  30  pounds:  hemoglobin  110  per  cent.  Red  blood  cells, 
6.340,000. 

Eck  fistula  done  as  usual.    Splenectomy  and  simple  bile  fistula. 
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Common  duct  ligated  and  cut. 

March  31.  Weight  29.8  pounds:  hemoglobin  110  per  cent.  Red  blood  cells, 
6,480,000. 

April  13.    See  table  37. 

May  4.  Weight  25  pounds;  hemoglobin  104  per  cent;  muscular  tremors  and 
intoxication. 

Autopsy.  The  Eck  fistula  is  wide  open,  and  the  portal  vein  above  it  obliter- 
ated. Bile  is  completely  excluded  from  the  duodenum,  and  the  bile  passages  are 
smooth  and  pale. 

The  other  findings  do  not  concern  this  experiment. 

For  an  accurate  control  of  this  experiment  refer  to  Table  D  and  many  others 
in  a  preceding  paper,  No.  Ill  of  this  series,  which  gives  the  bile  pigment  output 
of  a  simple  bile  fistula  plus  a  splenectomy. 


TABLE  37 

Eck  fisivlay  bile  fistula  and  splenectomy.    Bile  secretion 
Dog  15-18* 


BILE 

1 

lUBllARKS 

DATK 

Amount  in  cubic  oenti- 
metere 

Bile  pigments  in  milli- 
grams 

1 

1 

e 

to 

C 

JS 

e 

3l 

i2* 

EKett 

1916 

Ib«. 

April  13 

20 

18 

15 

53 

4.9 

4.8 

4.5 

14.2 

29.0 

March  31,  R.  B.  C. 
6,480,000;  hemoglobin 
110  per  cent 

April  14 

15 

12 

15 

42 

4.4 

4.0 

6.3 

14.7 

29.0 

April  15 

23 

18 

21 

62 

7.1 

5.3 

7.1 

19.5 

29.0 

Stools  contain  no  ster- 
cobiKn 

April  16 

27 

18 

19 

64 

9.2 

5.5 

5.5 

20.2 

28.5 

April  19 

22 

23 

15 

60 

9.6 

7.0 

5.0 

21.6 

29.0 

April  20 

20 

22 

26 

68 

6.9 

6.7 

8.7 

22.3 

38.8 

R.  B.  C.  6,144,000;  hem- 
oglobin 103  per  cent 

April  21 

22 

23 

20 

65 

7.9 

8.5 

6.7 

23.1 

28.5 

April  22 

15 

13 

17 

45 

6.5 

7.2 

8.5 

22.2 

28.0 

April  23 

22 

19 

21 

62 

5.9 

7.4 

7.5 

20.8 

28.5 

April  26 

16 

15 

19 

50 

1.8 

1.7 

2.6 

6.1 

28.0 

R.  B.C.  5,367,000;  hem- 
oglobin 103  per  cent 

April  27 

26 

33 

42 

101 
61 

4.0 

5.9 

5.6 

15.5 

28.0 

Average 

18.2 

28.5 

*  Eck  fistula,  bile  fistula  and  splenectomy  operations  March  26,  1916. 
t  Diet  of  milk,  bread  and  bones  plus  50  grams  cooked  liver  each  day. 
contains  at  most  a  trace  of  bile  pigments. 
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Simple  bile  fistula 

Dog  16-6,    Strong,  white  bull  dog,  male. 

September  1,  1915.  Weight  34.5  pounds,  hemoglobin  104  per  cent.  Red  blood 
cells,  5,696,000. 

Simple  bile  fistula,  conmion  duct  ligated  and  cut. 

October  22.  Weight  29.8  pounds,  hemoglobin  93  per  cent.  Red  blood  cells 
6,360,000.    Dog  is  in  good  condition. 

November  11.    Weight  29  pounds,  hemoglobin  111  per  cent;  condition  is  good. 

January  20.    See  table  38. 

February  5.    Death  from  intoxication. 

AiUopsy.  Bile  fistula  is  perfect,  and  the  bile  passages  are  pale  and  smooth. 
Liver  cells  are  slightly  pigmented. 

This  dog  serves  as  a  control  for  tables  35  and  36.  Other  sim'lar  experiments 
have  been  tabulated  in  the  preceding  papers. 

TABLE  38 
Simple  bile  fi^tu  a,  control  for  Eck  fiatula.    Contrast  tables  $6  and  S6 

Dog  16-5* 


BILB 

1 

DATE 

Amount  in  cubic  oenti- 
meters 

Bile  incments  in  milli- 
grams 

Mixed  diet 

1 

1 

•3C 

e 

M 

e 

1 

M 

1916 

At. 

January  20 

25 

21 

29 

75 

9.0 

6.1 

7.8 

22.9 

30.0 

January  21 

22 

23 

21 

66 

7.0 

8.2 

8.4 

23.6 

31.0 

Stools  contain  no 
cobilin 

ster- 

January  22 

32 

36.5 

30.5 

January  24 

23 

18 

21 

62 

17.0 

12.1 

14.4 

43.5 

30.5 

Hemoglobin  90  per 

cent 

January  25 

21 

15 

22 

58 

13.3 

11.2 

12.8 

37.3 

30.0 

January  26 

17 

22 

19 

58 

7.2 

11.4 

10. 

29.4 

30.5 

January  27 

16 

17 

19 

52 

7.9 

8.0 

9.4 

25.3 

29.5 

January  28 

43 

17 

20 

80 

14.4 

8.4 

9.4 

32.2 

30.3 

January  29 

54 

26.8 

31.0 

January  31 

22 

20 

24 

66 

12.4 

12.7 

14.0 

39.1 

30.5 

Hemoglobin  91  per 

cent 

Average 

60 

31.7 

30.4 

*  Bile  fistula  operation  September  1,  1915.    Urine  contains  trace  of  bile  pig- 
ments. 
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TABLE  30 
Simple  bile  fia^u^a.    Control  for  Eck  JUtula  diet 
^ Dog  15-22 


BILE 

1 

DATB 

Amount  in  cubic  oenti- 
metere 

Bile  pigments  in  miUi- 
gmms 

1 

1 

1^ 

c 
2 

I 

1 

2 

li 

Brettd,  bone  and  milk  diet 

1916 

Iba. 

November    1 

15 

16 

18 

49 

13.5 

15.1 

16.0 

44.6 

31.5 

Stools  contain  sterco- 
bilin 

November    3 

16 

18 

20 

54 

14.4 

17.1 

16.7 

48.2 

31.8 

October  25,  hemoglobin 
123  per  cent 

November    4 

17 

23 

20 

60 

16.0 

19.1 

16.3 

51.4 

31.8 

November    5 

15 

20 

19 

54 

13.5 

13.5 

13.3 

40.3 

32.0 

November    6 

45 

41.5 

31.8 

November    8 

17 

20 

24 

61 

11.9 

13.6 

12.7 

38.2 

31.3 

November    9 

19 

23 

21 

63 

13.3 

14.2 

12.8 

40.3 

31.3 

November  10 

26 

21 

25 

72 

8.0 

9.2 

1   .4 

29.6 

31.3 

November  11 

28 

26 

25 

79 

11.1 

11.4 

10.5 

33.0 

31.5 

Hemoglobin  121  per 
cent 

November  12 

16 

23 

22 

61 

12.6 

13.2 

12.6 

38.4 

31.3 

November  13 

55 

42.5 

31.3 

November  16 

14 

23 

21 

58 

14.5 

13.2 

14.4 

42.1 

31.0 

November  16 

18 

23 

20 

61 

15.0 

18.2 

12.6 

45.8 

31.5 

November  17 

20 

19 

23 

62 

16.7 

15.8 

15.2 

47.7 

31.3 

Average 

59 

41.6 

31.4 

Urine  contains  at  most  a  trace  of  bile  pigments. 


DISCUSSION 


The  experiments  tabulated  above  are  only  a  few  out  of  a  considerable 
number  which  have  been  performed.  It  is  somewhat  diflScult  to  pro- 
duce a  successful  Eck  fistula  in  a  dog  and  at  the  same  time  or  later  a 
bile  fistula  without  impairing  seriously  the  general  condition  of  the 
animal.  Both  Eck  fistula  dogs  as  well  as  bile  fistula  dogs  are  subject 
to  pecuUar  types  of  intoxication  which  are  famiUar  to  laboratory  work- 
ers. It  is  not  surprising,  therefore,  that  dogs  with  combined  Eck  and 
bile  fistulae  are  also  subject  to  obscure  and  troublesome  disturbances. 
The  observations  given  above  show  the  output  of  bile  and  bile  pig- 
ment in  dogs  with  bile  and  Eck  fistulae  during  normal  periods  or  at 
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least  periods  of  normal  activity,  appetite,  digestion  and  weight.  Dogs 
like  No.  16-15,  tables  31-33,  are  of  particxilar  interest,  as  this  animal 
has  been  under  observation  with  an  Eck  fistula  for  over  a  year  in  ap- 
parent perfect  health. 

All  our  experiments  with  combined  bile  and  Eck  fistulae  (nine  in  all) 
are  quite  in  accord,  and  these  experiments  here  reported  are  fair  ex- 
amples. In  all  experiments  there  is  definite  evidence  of  a  fall  in  bile 
pigment  output  below  a  normal  mean — a  fall  sometimes  to  one-third 
normal,  or  perhaps  at  times  only  to  three-fourths  of  normal,  but  al- 
ways a  fall  in  the  average  output  of  bile  pigments  per  unit  period  under 
uniform  conditions.  There  are  the  same  daily  and  hourly  fluctuations 
in  bile  pigment  output,  which  we  cannot  at  present  explain.  These 
fluctuations  are  present  in  the  simple  bile  fistula  as  well  as  in  the  com- 
bined bile  and  Eck  fistula. 

It  must  be  noted  that  Eck  fistula  dogs  will  do  best  on  a  diet  of  bread, 
milk  and  bones.  This  diet,  rich  in  carbohydrates,  gives  a  high  level  of 
bile  pigment  secretion,  and  table  39  gives  a  review  of  this  factor,  which 
was  emphasized  in  an  earlier  communication  (6).  We  must  keep  in 
mind  the  fact  that  a  simple  bile  fistula  dog  on  this  Eck  fistula  diet  will 
put  out  on  the  average  more  than  1  mgm.  of  bile  pigment  per  pound 
body  weight  per  unit  period  of  six  hours. 

Splenectomy  added  to  a  combined  bile  and  Eck  fistula  does  not  mod- 
ify the  picture  nor  does  it  change  the  general  output  of  bile  pigments. 
The  particular  experiment  tabulated  (table  37)  gives  a  bile  pigment 
secretion  somewhat  above  the  usual  average,  but  this  is  not  constant, 
and  we  believe  has  no  significance. 

May  not  the  deviation  of  the  digestion  products  from  the  portal 
vein  into  the  Vena  cava  and  so  around  the  liver  be  responsible  for  this 
drop  in  bile  pigment  secretion?  We  are  unable  to  answer  this  ques- 
tion at  present.  An  explanation  on  this  basis  would  assume  that  some 
pre-pigment  substance  might  be  built  up  by  the  liver  using  materials 
brought  to  it  by  the  portal  vein.  Such  a  substance  might  be  used  in 
the  body  or  thrown  out  in  the  bile  pigment  depending  on  supply  and 
demand.  It  might  be  assumed  that  with  an  Eck  fistula  this  material 
was  not  as  directly  available^  and  the  pigment  formation  correspond- 
ingly decreased.  It  is  at  least  possible  that  some  such  factor  is  a  part 
of  this  equation. 

It  is  important  to  know  whether  the  Eck  fistula  liver  can  eliminate 
promptly  and  in  usual  amounts  the  pigment  radicle  when  hemoglobin  is 
injected  intravenously.     Does  the  Eck  fistula  liver  eliminate  the  same 
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amount  of  bile  pijE^ent  follol^^ng  an  injection  of  hemoglobin?  This 
question  may  be  answered  in  the  afiirmative,  but  the  detailed  experi- 
ments will  be  given  in  a  later  pubhcation.  So  this  low  pigment  output 
can  not  be  explained  by  a  faulty  pigment  ejiminatlan  by  the  liver.  All 
the  evidence  points  to  faulty  or  abnormally  low  pigment  formation,  and 
this  may  not  be  limited  to  bile  pigments.  There  are  experiments  wliich 
suggest  that  the  hemoglobin  may  be  involved  in  this  incomplete  pig* 
ment  formation  (refer  to  table  32  and  the  abstract  history  of  dog  16-15 
given  above). 

What  is  to  be  said  about  the  life  cycle  of  the  red  cell  as  calculated  by 
the  end  products  of  hemoglobin  disinte^^ration?  The  pigment  products 
are  obviously  much  less  in  the  Eck  fistula  dog.  Must  we  assume  that 
the  abnormal  environment  of  the  Eck  fistula  dog  tends  t-o  favor  immor- 
tality among  the  short-lived  red  cells?  This  may  suggest  that  the  com- 
mon method  of  computing  the  life  of  a  red  cell  from  the  amount  of  its 
end  products  (?)  is  open  to  error.  There  are  at  least  two  unknowns  in 
this  equation. 

We  may  say  that  the  autopsy  material  gives  no  definite  anatomical 
evidence  of  abnormality  in  the  hematopoietic  system.  The  simple  bile 
fistula  and  the  combined  bile  and  Eck  fistula  show  the  same  picture  in 
the  bone  marrow,  spleen  and  lymph  glands.  The  only  anatomical 
evidence  is  to  be  found  in  the  atrophied  Eck  fistula  liver  which  shows 
central  fatty  degeneration  and  atrophy.  There  is  definite  evidence 
that  the  Eck  fistula  liver  may  be  functionally  inefficient  (2).  We  are 
inclined  to  explain  the  low  bile  pigment  output  in  the  Eck  fistula  as  due 
to  lowered  functional  capacity  of  the  liver.  We  admit  that  other  fac- 
tors may  be  concerned,  for  example,  the  deviation  of  digestion  products 
round  the  Eck  fistula  liver,  supposing  that  some  pre-pigment  substance 
may  be  elaborated  by  the  fiver  from  such  digestion  products* 

Whatever  the  correct  explanation,  the  fact  remains  that  the  Eck  fis- 
tula liver  puts  out  much  less  bile  pigment  than  normal  under  uniform 
conditions.  Tliis  means  more  evidence  that  bile  pigment  can  be  fonned 
independently  of  red  blood  cell  or  hemoglobin  disintegration,  which 
plays  a  part  (perhaps  a  small  part)  in  the  secretion  of  bile  pigments  by 
the  fiver. 
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SUMMARY 

An  Ek;k  fistula  allows  the  portal  blood  to  pass  directly  into  the  vena 
cava  and  excludes  it  from  the  liver. 

The  Eck  fistula  liver  is  atrophic  with  central  fatty  degeneration,  and 
shows  evidence  of  subnormal  functional  capacity. 

The  Eck  fistula  Uver  secretes  much  less  bile  pigment  than  the  nor- 
mal Uver — one-third  to  three-fourths  of  normal  or  even  less. 

Splenectomy  added  to  the  combined  bile  and  Eck  fistula  does  not 
essentially  modify  the  result. 

Simple  bile  fistula  and  the  combined  bile  and  E^ck  fistula  dogs  show 
the  same  histological  picture  in  the  hematopoietic  system. 

This  means  that  bile  pigment  formation  is  in  part  dependent  upon 
Uver  function — in  other  words  not  solely  dependent  upon  red  cell  dis- 
integration. It  is  at  least  possible  that  the  production  of  other  body 
pigments  (e.g.,  hemoglobin)  may  depend  in  part  upon  the  constructive 
capacity  of  the  liver. 
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THE  ORIGIN  OF  THE  PROTEOLYTIC  FERMENTS 

II.    Concerning  the  Character  of  Certain  Ferments 
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From  the  Laboratory  of  Pharmacology^  Northtoeatem  University  Medical  School 

Received  for  publication  December  23,  1916 

In  a  previous  article  (1)  results  were  presented  bearing  on  the  spec- 
ificity and  character  of  the  enzyme  in  the  Abderhalden  reaction  and 
conclusions  stated  as  follows:* 

1.  There  is  an  increased  proteolytic  activity  of  blood  serum  during 
pregnancy. 

2.  This  increased  activity  is  probably  in  the  main  due  to  an  increase 
in  the  polyvalent  ferments. 

3.  Normal  blood  serum  has  a  weak  non-specific  proteolytic  action. 

4.  The  dialysis  method  of  Abderhalden  or  the  method  of  Williams  and 
Pearce  does  not  suffice  to  demonstrate  a  ferment  developed  during  preg- 
nancy acting  only  upon  placental  protein. 

5.  Many  advanced  pathological  conditions  give  a  positive  reaction 
within  the  time  specified  for  the  Abderhalden  test. 

6.  At  present  the  Abderhalden  test  is  quantitative,  not  qualitative. 

Most  of  the  work  published  since  on  the  problem  above  stated,  con- 
firms the  conclusions  as  given.  Reviews  of  the  literature  dealing  with 
the  Abderhalden  and  associated  reactions  have  recently  been  given  by 
Hulton  (2),  Bronfenbrenner  (3)  and  Wallis  (4).  Only  such  literature  as 
bears  directly  upon  the  problem  is  noted  here. 

Recently  Van  Slyke,  Vinograd-Villchur  and  Losee  (5)  using  the  fa- 
miliar amino  nitrogen  method  of  Van  Slyke,  reported  that  normal  blood 
serum  digests  placental  tissue  with  practically  the  same  quantitative 
result  as  the  serum  of  pregnant  women.  They  conclude,  therefore, 
that  in  pregnancy  there  is  no  definite  increase  of  proteolytic  ferments 
in  the  serum.  Consequently  they  question  the  reliability  of  the  Ab- 
derhalden method  for  the  diagnosis  of  pregnancy  and  also  question  the 
theory  advanced  by  Abderhalden  to  explain  this  reaction  (6).  The 
theory  is,  briefly,  that  during  gestation  chorionic  cells  from  the  villi 
pass  into  the  blood  stream  of  the  mother.     In  response  to  the  entrance 
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of  these  foreign  (?)  cells  fennents  are  developed  which  are  "protective*' 
in  character.  That  chorionic  villi  are  found  in  the  blood  stream  is  an. 
established  fact.  By  some  the  albuminuria  of  pregnancy  is  attributed 
to  such  foreign  protein.  Early  in  the  development  of  the  Abderhalden 
method  it  was  maintained,  especially  by  the  originator  of  the  test  and 
his  associates,  that  such  ferments  were  not  only  proteolytic  but  also 
specific.  The  vast  amount  of  work  done  in  connection  with  this  par- 
ticular phase  of  specificity  has  not  served  to  support  the  contention, 
however.  The  early  work  upon  which  the  test  is  based  is  thoroughly 
reviewed  by  Lake  (7). 

The  results  of  Van  Slyke  et  al.  do  not  coincide  with  the  generally  ac- 
cepted view  that  in  pregnancy  there  is  developed  a  definite  increase  in 
the  concentration  or  strength  of  proteolytic  ferments.  Neither  do  they 
coincide  with  the  results  which  I  obtained  and  reported  in  the  paper 
mentioned.  Because  of  the  apparent  discrepancy  in  the  results  and  the 
bearing  which  the  above  has  on  the  origin  of  the  proteolytic  ferments, 
I  repeated  previous  work  and  studied  more  carefully  the  theory  of  the 
production  of  the  ferments  in  gestation. 

It  was  found  previously  that  the  blood  serum  of  pregnant  dogs  di- 
gests human  placenta  with  the  same  ease  as  the  serum  of  pregnant 
women.  Consequently  in  this  work  dogs  were  used  exclusively  and 
the  following  series  of  experiments  carried  out  in  the  order  mentioned. 

Series  I.  The  action  of  the  blood  serum  of  normal  dogs  upon  human 
placenta. 

Series  II.  The  action  of  the  blood  serum  of  pregnant  dogs  on 
human  placenta. 

Series  III.  The  action  of  the  blood  serum  of  dogs  injected  with  pla- 
cental suspension. 

Series  IV.  The  action  of  the  serum  of  dogs  injected  with  split  prod- 
ucts of  pepsin-trypsin  digestion  of  human  placenta. 

Series  V.  The  action  of  the  serum  of  pregnant  dogs  injected  with 
placental  suspension. 

Series  VI.  The  effect  of  feeding  on  the  amino  acid  content  and  the 
ferment  strength  of  the  blood  serum  using  placenta  as  the  substrate 

SERIES  I.   THE  ACTION  OF  THE  BLOOD  SERUM  OF  NORMAL  DOGS  UPON 

HUMAN  PLACENTA 

Technic,  Dogs  were  starved  from  eighteen  to  twenty-four  hours. 
Blood  was  withdrawn  from  the  external  jugular  vein  under  sterile  pre- 
cautions in  a  sterile  syringe.     It  was  at  once  put  into  a  sterile  test-tube 
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with  cotton  stopper  through  which  passed  a  safety  pin.  The  safety  pin 
prevented  the  stopper  from  being  drawn  down  into  the  test-tube  dur- 
ing the  period  of  centrifuging,  which  was  begun  immediately  and  con- 
tinued for  ten  to  fifteen  minutes  at  high  speed.  The  serum  was  al- 
lowed to  remain  in  contact  with  the  solid  parts  of  the  blood  until  needed 
and  was  then  withdrawn  in  a  sterile  pipette.  The  serum  thus  prepared 
was  absolutely  corpuscle-free  in  the  majority  of  cases  and  its  ferment 
strength  not  impaired  when  judged  by  the  present  method  for  estimat- 
ing proteolytic  ferments  and  diastatic  ferments.  We  beUeve,  possibly 
without  sufl5cient  reason,  that  serum  so  prepared  more  nearly  approaches 
the  normal  ferment-bearing  portion  of  the  blood.  Those  changes  which 
certainly  must  take  place  when  blood  is  allowed  to  clot  and  slowly  to 
express  its  serum  are  minimized. 

Two  cubic  centimeters  of  serum  was  incubated  with  0.5  gram  of 
moist  placenta  or  the  equivalent  of  dried  placenta  prepared  in  the  fol- 
lowing manner:  The  placenta  was  obtained  through  the  kindness  of  the 
staff  of  Cook  County  Hospital,  brought  to  the  laboratory,  ground, 
washed  and  then  floated  off  on  water  from  a  deep  beaker  into  a  flat 
glass  dish.  In  this  way  we  could  inspect  every  particle  of  placental 
material  and  could  exclude  all  tissue  elements  aside  from  the  chorionic 
villi.  This  method  is  the  only  one  which  has  proven  adequate  to  the 
preparation  of  a  white,  specific  substrate.  Further  details  of  the  treat- 
ment are  given  in  the  previous  article  (loc.  cit).  In  several  of  the  ex- 
periments dried  placenta  was  used.  This  is  better  suited  to  the  method 
if  in  finely  divided  form  and  if  the  serum  is  agitated  with  the  substrate 
at  the  beginning  of  incubation  in  order  to  insure  a  better  admixture. 
All  incubation  mixtures  contained  0.5  cc.  to  1.0  cc.  ,of  toluol.  Controls 
on  2  cc.  of  serum  without  substrate  were  run  on  each  experiment.  At 
various  intervals  the  water,  toluol,  dialyzed  iron  and  nitrite  solution 
were  tested  after  incubation  and  the  amino  nitrogen  determined.  Cor- 
rection for  materials  averaged  0.20  cc.  of  gas.  After  incubation  the 
specimens  of  serum  and  serum  plus  substrate  were  treated  as  given  by 
Van  Slyke  et  al.  (loc.  cit.).  The  disadvantages  of  the  Van  Slyke  method 
when  appUed  to  the  experiments  below  are  apparent.  Blood  serum  is 
incubated  with  a  non-soluble,  complex  protein  more  or  less  finely  di- 
vided, sometimes  moist  and  always  in  a  test-tube  where  uniform  inter- 
mixture of  serum  and  substrate  is  impossible.  Again,  dialysis  of  the 
products  of  digestion  is  not  possible.  While,  therefore,  the  method 
gives  very  accurate  results  when  applied  to  duplicate  samples  of  the 
serum  itself,  satisfactory  determinations  are  not  always  obtained  when 
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s^iixn  and  substrate  are  incubated.  This  factor  has  made  repetition  of 
experiments  necessary  in  not  a  few  instances.  The  use  of  dry  substrate 
does  not  overcome  the  uncertainty,  thou^  it  does  lessen  it.  From 
this  it  is  evident  that  satisfactory  duplicates  must  be  run  on  every  incu- 
bation mixture.  In  several  instances  triplicate  tubes  have  been  meas- 
ured. It  is  possible  that  the  reason  for  the  uncertainty  of  the  reaction 
is  explained  by  the  conclusion  of  Frankel  (8)  that  ".  .  .  .  com- 
parable results  in  proteolysis  studies  are  to  be  obtained  only  when  the 
substrates  are  in  solution  .  .  .  ."  Such  discrepancy  is  not 
found  when  adequately  tested  dialyzing  experiments  are  carefully  car- 
ried out. 

Experimental  results.    The  results  are  calculated  in  milligrams  of 
amino  nitrogen  in  2  cc.  of  serum  with  or  without  placenta. 

TABLE  1 
The  action  of  the  blood  sertftn  of  normal  doge  upon  human  placenta 


IflLLIOKAMS  or  AMnO  JOTBOOBM  IN 

UrCUBATIOJf  TDIB 

MM 

3  00.  Mmm  and  0.6 
crmms  pkewta 

3(*e.Mnun 

DaetofariDMit 
Mtkm 

uf  aoinis 

1 

0.112 

0.056 

0.066 

20 

2 

0.133 

0.061 

0.072 

23 

3 

0.194 

0.1^ 

0.045 

23 

4 

0.160 

0.100 

0.060 

28 

5 

0.189 

0.156 

0.033 

25 

6 

0.220 

0.110 

0.110 

20 

7 

0.179 

0.124 

0.0S5 

20 

8 

0.136 

0.081 

0.066 

22 

9 

0.122 

0.058 

0.064 

22 

10 

0.101 

0.067 

0.034 

20 

11 

0.064 

0.034 

0.060 

20 

Average 

0.148 

0.090 

0.067 

The  degree  of  digestion  to  be  expected  in  a  normal  dog  under  the 
above  conditicms  I  believe  to  be  fairly  represented  l^  ike  4iverage  fig- 
ure given*  For  very  obvious  reasons  there  can  be  no  absolute  figure. 
But  in  selecting  an  average,  note  miist  be  taken  of  the  following:  dogs 
differ  in  the  concentration  of  amino  adds  in  the  blood  under  the  same 
ccmditians;  there  is  a  rather  wide  variation  in  the  ferment  strength  of 
the  serum.  While  we  have  included  no  experiments,  we  have  also 
found  that  the  amino  acids  do  not  remain  constant  from  day  to  day  in 
the  same  dog,  nor  do  the  ferments.    Unknown  factors  modify  their 
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concentration.  In  a  few  instances  dogs  have  shown  abnost  no  ferment 
when  a  single  specimen  was  examined  but  in  no  case  was  a  serum  found 
which  did  not  contain  substances  giving  an  amino  acid  reaction. 

SERIES  II.   THE   ACTION   OF  THE   BLOOD   SERUM   OF  PREGNANT  DOGS  ON 

HUMAN   PLACENTA 

Technic.  To  compare  the  action  of  the  enzymes  normally  present 
with  those  present  during  pregnancy  four  dogs  were  tested,  all  of  which 
were  in  fine  condition,  and  found  pregnant  while  in  the  laboratory. 
The  following  reactions  are  typical  and  were  performed  at  a  time 
when  the  dogs  were  supposedly  at  practically  a  maximum  enzyme 
height,  i.e.,  a  few  weeks  (2  to  3)  previous  to  labor  (Sloan,  loc.  cit.). 

TABLE  2 
The  action  of  the  blood  serum  of  pregnant  doge  on  human  placenta 


DOO 

MILLIGRAIIB  AMINO  N  DUX  TO 
FBRMBNT  ACTION 

INCUBATION  TDCB  IN  HOimS 

13 
14 
15 
27 

p  o  o  o 
•    •    •    • 

24 
20 
20 
20 

*  Abderhalden  dialysis  tests  were  positive  in  each  case. 

The  results  agree  with  those  of  Van  Slyke  et  al.  By  this  method  a 
greater  concentration  or  action  of  pregnant  serum  over  non-pregnant 
serum  cannot  be  demonstrated.  And  yet  on  the  other  hand  each  of 
the  dogs  gave  a  good  Abderhalden  test.  This  the  non-pregnant  dog  if 
in  normal  condition  does  not  do  in  eighteen  to  twenty  hours.  The 
conclusion  that  the  ferments  of  the  blood  are  not  increased  during  preg- 
nancy must  be  limited  to  this  method.  Here  by  quantitative  meastire- 
ment  the  amino  acid  concentration  in  a  digestion  mixture  is  determined. 
In  the  dialysis  test  we  measure  the  reaction  of  an  indicator  to  sub- 
stances, produced  by  digestion,  which  have  passed  through  a  semi- 
permeable membrane  out  into  the  surrounding  water.  Bbcactly  what 
substances  react  with  ninhydrin  has  not  been  shown.  Certainly  the 
result  is  not  dependent  upon  the  amino  acids  entirely  but  is  probably 
much  influenced  by  the  intermediate  products.  The  micro  amino 
method  is  limited  to  one  type  of  product  which  at  the  present  time  is 
considered  to  be  the  ultimate  imit  of  the  protein  molecule.  Under  the 
conditioaH  of  incubation  the  dialysis  method  gives  opportunity  for  a 


Digitized  by 


Google 


ORIGIN   OF  PROTEOLYTIC   FERMENTS   OF   BLOOD  *       563 

more  comprehensive  reaction  than  does  the  Van  Slyke.  Van  Slyke  con- 
tinued the  digestion  of  soluble  intermediate  products  by  an  acid  hydroly- 
sis but  could  find  practically  no  difference  in  the  end  result.  He  does 
state,  however,  that  pregnant  sert^  produce  an  average  digestion  slightly 
greater  than  the  normal.  The  variation  is  so  marked  between  individ- 
ual specimens,  however,  that  the  test  has  no  practical  application  to 
pregnancy.  It  is  important  to  note  that  there  is  a  slight  difference  be- 
tween the  pregnant  and  the  normal  for  in  so  large  a  series  as  that  re- 
ported by  Van  Slyke  et  al.  this  difference  cannot  be  attributed  to  experi- 
mental error  which  might  be  the  case  in  a  short  series.  Thar  and 
Kotschneff  (quoted  by  Van  Slyke)  report  that  on  incubating  normal 
and  pregnant  sera  with  placenta  in  dialyzing  thimbles  and  determining 
the  amino  acids  in  the  dialysate  they  obtained  negative  results  with 
normal  but  positive  results  with  pr^nant  sera.  The  ferment  was  not 
specific,  however.  When  incubation  experiments  without  dialjrsis  were 
carried  out  there  was  noted  no  difference  between  pregnant  and  normal 
sera.  I  believe,  therefore,  that  the  method  of  Van  Slyke  is  not  an  ade- 
quate one  for  testing  the  ferment  of  pregnancy  in  the  way  mentioned 
above  and  that  the  original  dialysis  technic  when  carefully  and  repeat- 
edly controlled  is  of  much  greater  value. 

SERIES  III.   THE  ACTION  OF  BLOOD  SERUM  OF  DOGS  INJECTED  WITH 
PLACENTAL  SUSPENSION 

As  mentioned  earlier  in  this  paper,  the  dog  produces  an  enzyme  dur* 
ing  pregnancy  which  will  digest  human  placenta  within  a  period  of 
eighteen  to  twenty  hours.  This  digestion  can  be  demonstrated  by  the 
dial3rsis  technic.  Furthermore,  the  normal  dogs'  serum  does  not  have 
this  power  except  the  interval  be  continued  for  six  to  eight  hours. 

Now,  if  the  theory  presented  by  Abderhalden  to  explain  this  increase 
in  proteolytic  power  is  correct,  we  should  expect  the  dog  to  develop  a 
ferment  when  injected  with  chorionic  cells.  That  the  dog  is  not  more 
widely  used  for  immunizing  purposes  depends  upon  the  fact  that  dogs 
are  not  so  easily  sensitized  or  immunized  as  the  smaller  rabbit  or  guinea 
pig.  In  this  particular  instance  we  should  not  expect  such  a  condition 
to  exist.  Moreover,  if  the  method  of  introduction  of  chorionic  ceUs  ap- 
proximates the  supposed  method  of  entrance  during  gestation  we 
would  have  much  more  reason  to  expect  the  generation  of  a  ferment 
than  if  an  entirely  different  procedure  were  chosen  such  as  intramuscu- 
lar injection. 


Digitized  by 


Google- 


564 


LEBOY  H.   SLOAN 


Technic.  Five  grams  of  placenta  which  had  been  iMiepared  according 
to  the  metiMKl  outlined  eariier  was  ground  und^  sterile  conditions  in  a 
aaiall  amount  of  salt  solution  imtil  in  very  finely  divided  fonn.  The 
undivided  portion  (about  0.5  grams)  was  discarded  and  the  whole  sus- 
pended in  salt  solution  to  which  a  little  bicarbonate  of  soda  had  been 
added.  This  suspension  was  decidedly  opalescent  and  v^y  little  set- 
tling-out occurred.  The  suspension  was  shaken  before  using,  however. 
Four  dogs  "were  injected  intraperitoneally  with  from  1.2  to  30  ec.  of  ibe 
SQsp&motL  Following  this  at  intervals  of  three  days  the  dogs  received 
four  to  five  inirtwerunu  doses  of  increaang  amount  (2  to  20  cc.).  Blood 
was  withdrawn  and  its  ferment  action  determined  as  jgiven  in  the 
table. 

TABLE  Z 
The  adionof  blood  serum  from  dogs  injected  xvilh  placental  suspension 


KT7MB£K  OV  OA JB 

MCMf.  AMINO  N 

Doa 

SBX 

AmRLAarnr- 

DUR  TO  FBR- 
MKVIB 

ABOCRHALfiBM 

|N099AnOII  Bsn 
INROniS 

17 

9 

BeCope 

0.056 

22 

10 

o.gs2 

21 

13 

0.064 

4-  - 

20 

23 

0.076 

20 

Average.. . 

0.069 

18 

d^ 

Before 

0.061 

22 

10 

0.055 

21 

13 

0.059 

+  -  - 

20 

AvM'&Ke.. 

0.050 

19 

9 

13 

0.073 

20 

21 

0.109 

20 

7 

0.069 

21 

13 

0,022 

29 

23 

0.082 

- 

21 

Average . . . 

0.069 

20 

9 

7 

0.092 

.^ 

24 

12 

0.031 

— 

23 

' 

26 

0.066 

23 

33 

0.094 

20 

Average.. . 

0.070 

erage  

• 

General  av 

0.066 

♦The  Abderhalden  reactions  are  interpreted  as  follows:  -\ questionable; 

negative. 
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DisctAssion.  It  wiU  be  noted  that  the  average  of  the  results  using 
the  Van  Slyke  method  is  higher  in  each  ease  than  the  norma}  given  in 
tabte  1.  Does  tlm  indicate  an  enzyme  hbera^n?  While  I  think  that 
rt  indicates  such,  it  does  nothing  more,  since  the  general  average  is  so 
sMghtly  increased  over  the  normal  (0.009).  Of  course,  a  slight  increase 
of  amino  acids  nuty  mean  considerable  increase  in  the  total  digestive 
products.  But  on  the  other  hand  when  we  i^>ply  the  diafysis  method 
we  find  no  apparent  increase.  Consequently,  the  slight  increase  noted 
here  is  not  sufficient  to  justify  a  conclusicMi  that  a  proteolytic  antibody 
or  enzyme  has  been  g«:ierated.  On  the  other  hand  had  the  general  av- 
erage been  0.100  or  thereabouts  such  a  ccmdusion  would  have  heem 
JFOstified.  The  resutts  confirm  those  of  Button  (9)  who  reported  eat- 
periments  on  the  injection  of  human  placenta  into  dogs  siibsequent  to 
the  b^inning  of  this  woric.  In  her  experiments,^  however,  dogs  were 
tested  but  once  and  after  intraperitoneal  and  intramuscular  injection  of 
emobion.  No  increase  in  ferments  was  noted  usn^  the  KjekhU 
method  for  detenmning  the  degree  of  digestion.  However,  the  mode 
of  injection  of  the  emoLnon  does  not  test  the  imderl3ring  theory  of  the 
pregnancy  reaction  as  advanced  by  Abderhalden  and  his  associates. 
It  does  not  introduce  chorionic  cdls  directly  into  ^e  circulation  and  in 
so  far  does  not  approach  the  sopposed  mechanism  of  production  of  prD- 
tective  ferments  during  gestatum.  Of  course,  antibodies  are  produced 
to  many  foreign  materials  by  intraperitoneal  and  intramuscular  intro- 
duction. But  in  so  doing  it  is  a  ouestion  whether  we  introduce  the 
foreign  protein  as  such  into  the  blood  or  whether  it  is  not  the  products 
of  the  action  of  living  proteolytic  f ermenta  which  stimulate  the  forma- 
tion of  these  antibodies.  In  the  experiments  above,  dogs  received  intra- 
peritoneal injections  purely  in  the  hope  that  they  mi^t  the  better  be 
prepared  for  the  intravenous  injection.  At  the  present  time  no  pre- 
liminary dose  would  be  given.  Again,  the  experiments  were  canrod 
over  a  considerable  interval  and  the  animals  tested  several  times.  Of 
more  importance  is  the  fact  that  small  doses  were  used.  Such  a  method 
approximates  to  a  much  greater  degree  the  normal  mechanism  of  en- 
trance of  villi  and  consequently  more  nearly  approaches  theoretical 
conditions.  The  results,  therefore,  more  adequately  and  completely 
disprove  the  theory  given  by  Abderhalden  to  explain  the  reaction.  To 
further  confirm  the  results  of  the  somewhat  uncertain  Van  Slyke,  experi- 
ments using  the  dialysis  method  were  carried  out,  all  of  which  were 
negative.  We  used  coagulated  material  for  injection  and  to  this  extent 
theoretical  conditions  were  disregarded.  We  should  expect  animals  to 
react  to  this  material  if  able  to  react  to  living  cells. 
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On  the  other  hand  Wallis  (loc.  cit.)  reports,  though  not  in  detail, 
experiments  in  which  he  claimed  to  show  that  heating  the  extract  of 
fresh  placenta  to  60°  destroyed  the  power  of  antigen  action.  The  re- 
cent work  of  Elsesser  carried  out  with  inmiune  sera  and  pure  proteins 
is  of  interest  along  this  line.  He  concludes  (10)  "The  experiments  have 
moreover  shown  that  a  rabbit  may  react  in  absolute  specific  manner  at 
one  time  although  it  has  not  done  so  in  a  previous  test  and  does  not  do 
so  in  the  serum  obtained  subsequently''  ....  "The  individual 
rabbits  also  appear  to  differ  in  their  reacting  powers"  .... 
"The  serum  of  an  immune  rabbit  is  not  constant  in  its  reactive  power 
over  a  continued  period  nor  in  the  degree  of  specificity  it  exhibits." 
Hulton  (loc.  cit.)  using  a  different  method  on  pure  proteins  of  the  same 
sort  reports  no  production  of  ferment  at  all.  Her  method  was  some- 
what similar  to  that  of  Van  Slyke.  From  the  work  so  far  presented 
we  conclude  that  an  animal  must  be  studied  over  a  considerable  period 
before  any  adequate  conception  of  the  reaction  of  that  animal  can  be 
obtained.  Because  the  resylts  obtained  above  are  so  Uttle  in  excess  of 
the  general  average  of  normal  dogs  and  do  not  show  a  tendency  to  fol- 
low an  antibody  curve  and  further  because  dialysis  tests  on  the  same 
animals  and  at  the  same  time  were  at  most  questionable,  I  feel  certain 
that  no  digestive  enzymes  or  antibodies  can  be  produced  by  coagu- 
lated, non-soluble,  complex  placental  substance  when  tested  in  the  man- 
ner given. 

SERIES  IV.      THE  ACTION  OF  THE  SERUM  OF  DOGS  INJECTED  WITH  SPLIT 
PRODUCTS   OF  PLACENTAL  DIGESTION  UPON   HUMAN   PLACENTA 

Five  grams  of  coagulated  placenta  was  digested  for  twenty-four  hours 
with  a  moderately  strong  pepsin-HCl  solution.  At  the  same  time  a 
like  amount  was  digested  by  trypsin.  The  digestion  mixtures  were 
united,  brought  to  a  boil,  filtered,  neutraUzed  with  bicarbonate  of  soda 
and  with  0.5  gram  of  finely  divided  placenta  made  up  to  200  cc.  with 
normal  salt.  This  system  would  approach  conditions  imaginable  if 
ferments  either  in  the  blood  or  in  the  placenta  acted  upon  chorionic 
villi  and  caused  cells  and  breakdown  products  to  pass  into  the  maternal 
circulation,  there,  or  more  probably  in  the  tissue  cells  of  specialized 
organs,  to  excite  accentuation  of  preformed  ferments  or  the  production 
of  new.*  Two  dogs  were  injected  and  the  results  are  given  in  the  follow- 
ing table. 
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TABLE  4 


The  action  of  the  serum  of  dogs  injected  with  split  products  of  placental  digestion 

upon  human  placenta 


M ILUOKAMB  OF  AMINO 

NITBOOSN  DUB  TO 

DATB 

PKOCXDUBB 

nCRMBNT 

DIOBflTION 

INCUBATION 
Of   HOUBB 

Do,I 

Doc  II 

August        29  . . 

Withdrew  blood,  injected  10  cc* 

0.036 

20 

September    2... 

Withdrew  blood,  injected  6  cc.f 

0.039 

September    4. . . 

Injected  7  cc. 

September    7. . . 

Injected  15  cc. 

September  12. . . 

Injected  30  cc. 

September  21 . . . 

Withdrew  blood 

0.056t 

0.034t 

20 

September  31 . . . 

Withdrew  blood 

0.062 

0.055 

20 

October        5. . . 

Withdrew  blood 

0.034t 

0.015t 

20 

*  Intraperitoneal  injection, 
t  Intravenoua  injections  followed. 

t  On  these  days  Abderhalden  tests  were  run.  In  each  case  they  were  double 
positive  or  greater.    The  serum  gave  no  color  at  all. 

Here  we  find  as  in  our  previous  experiment  that  there  is  an  indica- 
tion of  a  ferment  production  in  the  first  dog.  It  is  merely  an  indica- 
tion and  the  highest  result  is  only  0.005  beyond  the  average  for  the 
normal  animal :  In  contradistinction  to  the  results  on  the  injection  of  coagu- 
lated protein  we  find  here  that  strong  AbderhaMens  were  obtained.  This 
is  conclusive  evidence  that  there  occurred  an  increase  of  ferments  which 
we  were  neglecting  when  making  determinations  by  the  Van  Slyke 
method.  Here  as  in  pregnant  animals,  a  strongly  positive  test  is  ob- 
tained when  the  serum  acts  upon  substrate  in  dialyzing  thimbles.  The 
products  of  digestion  can  pass  into  the  surrounding  fluid  medium. 
But  when  the  incubation  is  cfurried  on  in  a  test-tube  and  the  determina- 
tion of  the  end  result  is  made  by  the  amino  nitrogen  quantitative  tech- 
nic,  no  such  production  or  liberation  of  antibody-enzymes  can  be  de- 
tected. Theoretically  the  amino  nitrogen  procedure  should  be  much 
more  delicate  and  therefore,  more  dependable.  In  my  hands  such  is 
not  the  case.  The  results  above  are  well  within  the  normal  variations 
of  serum  action.  There  is  no  indication  of  a  regular,  steady  increase 
of  ferments  after  injection  of  foreign  protein  which  carry  digestion  to  a 
greater  degree  than  normal.  For  this  reason,  I  do  not  believe  that  the 
Van  Slyke  method  will  detect  the  ferment  of  pregnancy  when  used 
under  the  conditions  as  previously  mentioned.  On  the  other  hand  the 
dialysis  method  with  proper  care  will  show  the  increase  found  by  the 
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majority  of  workers  to  occur  during  the  period  of  gestation.  Further- 
more, it  would  seem  that  the  theory  underiying  the  increase  of  fer- 
ments during  the  period  of  intrauterine  fetal  Ufe  involves  not  so  much 
the  passage  of  chorionic  villi  into  the  blood  stream  as  the  passage  of 
the  digestive  products  of  placental  cells  which  stimulate  the  maternal 
tissue  cells,  possibly  of  special  organs,  to  respond  with  a  ferment  of 
protective  character.  It  is  also  possible  that  a  weak  ferment  exists  in 
the  placenta  itself  which  acts  slowly  upon  the  chorionic  villi  giving  rise 
to  certain  substances  which  act  as  antigen. 

In  her  recent  work  Hulton  (loc.  cit.)  brought  forth  the  suggestion 
that  foreign  protein  introduced  into  the  blood  stream  goes  into  the 
body  cells,  is  hydrolyzed  there,  without  a  protein  enfl^3rme  appearing  in 
the  circulating  blood,  concluding  that  hydrolysis  of  foreign  protein  is 
a  separate  action  from  the  "fixation^^  of  the  foreign  substance  by  the 
maternal  body  cells  or  the  reaction  of  the  body  to  these  cells.  Tlie  re- 
sults presented  above  might  be  so  interpreted  but  only  if  the  interpre- 
tation be  limited  to  the  method  of  Van  Slyke.  On  the  other,  hand, 
based  on  the  dialysis  method,  no  such  interpretation  of  the  results  can 
be  made.  In  'other  words,  it  would  seem  reasonable  to  suppose  that  in 
the  great  majority  of  cases  antibodies  or  enzymes  are  produced  as  a 
response  to  the  injection  ci  for^gn  protein  and  that  these  antibodies 
appeu*  in  the  blood  stream  but  in  certain  instances  t^e  metiM>d8  are 
not  sufficiently  delicate  to  detect  ibem.  Hektoen  and  Carison  (11) 
stated  in  their  work  that  blood  cells  of  foreign  origin  when  in:troduoed 
into  the  blood  stream  of  another  animal  very  quickly  disf^^f>eaved  but 
that  antibodies  were  produced  which  could  be  shown  to  be  present  not 
only  in  the  blood  stream  but  also  in  the  other  circulating  flutdSi  They 
state,  "Our  results  consequently  support  the  view  that  antibodies  in 
active  immunization  are  produced  outside  the  circulating  blood  into 
which  they  find  their  way  at  the  end  of  the  latent  period."  This  it 
would  seem  is  applicable  in  the  great  majority  of  cases  to  the  introdue* 
tion  of  foreign  protein.  It  is  very  probably  applicable  to  the  injection 
of  placental  protein  but  because  the  detection  of  ferments  is  more  diffi^ 
cult  than  the  detection  of  l3rtic  agents  to  blood  corpuscles  it  is  less  s^ 
parent  under  certain  conditions.  It  would  seem  to  us  that  the  method 
of  Van  Slyke  is  not  one  to  be  used  to  determine  the  presence  or  absence 
of  such  antibodies.  Based  on  the  above  results  and  those  of  Thar  and 
Kotschneff  and  Elsesser,  I  believe  that  dialysis  plays  a  very  important 
rdle  in  the  discrepancy  between  the  so-called  Abderhalden  dialysis  test 
and  that  of  Van  Slyke. 
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SERIES  v.      THE  ACTION   OF  THE   SERUM   OF  PREGNANT  DOGS  INJECTED 
WITH  PLACENTAL   SUSPENSION 

Two  dogs  known  to  be  pregnant  were  injected  with:  placental  suspen- 
sion in  much  the  same  manner  shown  in  the  experiments  reported  above. 
Serum  was  removed  in  the  same  maimer  and  the  digestive  action  upon 
placenta  determined  by  the  Van  Slyke  method.  Neither  dog  showed 
any  increase  of  proteol34ic  foments.  The  variations  were  not  less  than 
normal  nor  the  limits  greater.  Consequently,  based  on  this  method,  the 
conclusion  is  reached  that  the  pregnant  dog  is  no  more  able  than  the 
non-pregnant  to  mobilize  or  generate  enzymes  capable  of  digesting  pla- 
cental suspension.  In  this  connection  it  is  interesting  to  note  that 
neither  dog  aborted  as  a  result  of  the  injections.  At  the  conclusion  of 
the  experiment  one  dog- was  injected  with  the  products  of  the  action  of 
serum  (on  placenta)  from  animals  which  had  received  intravenous  pla- 
cental injections.  Five  pups  were  bom  twenty-four  hours  later  and 
the  mother  died  at  the  end  o£  aboat  forty-eight  hours.  Three  pups 
had  not  been  delivered.  The  uterus  had  ruptured  and  the  head  of  one 
pup  protruded  through  the  rent.  Wie  have  not  known  of  a  dog  dying 
of  a  ruptured  uterus  and  present  this  purely  as  an  interesting  obs^ra- 
tion.  The  pups  delivered  were  at  term.  What  effect  the  injection  had 
is  a  question. 

SERIES  VI.   THE  EFFECT  OF  FEBDINa  ON  THE  AMINO  ACID  CONTENT  AND 

THE  FERMENT  STRENGTH  OF  THE  BLOOD  SERUM  USING 

PLACENTA  AS  SUBSTRATE 

It  was  thought  valuable  to  observe  the  effect  of  feedinip  upon  the 
amino  acid  content  and  the  ferment  strength  of  the  serum  in  animalH 
under  the  ordinary  laJtx>ratory  treatment.  We  did  not  dedre  to  deter- 
mine such  on  animals  under  constant  diet,  for  such  a  procedure  would 
have  little  bearing  upon  conditions  ordinarily  met  with  while  using  the 
laboratory  animal.  Ross  (12)  in  this  laboratory  has  reported  carefully 
conducted  experiments  on  the  increase  in  amino  acids  one-half  hour  and 
four  hours  after  feeding  dogs  one  pound  of  groimd  lean  meat.  After 
Qne-half  hour  he  finds  no  changes  but  four  hours  after  feeding  the 
amino  acids  are  quite  considerably  increased.  This  increase  is  much 
greater  than  the  increase  observed  on  the  less  protein  diet  of  the  ordi- 
nary laboratory  animal. 
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TABLE  5 


The  effect  of  feeding  an  the  amino  acid  content  and  the  ferment  strength  of  the  blood 
serum  using  placenta  ae  substrate 


BXPUUMXMT 

IMTBBTAL 
ATTKR  rSBDINO 

SBBUX 

BBBUM 

BBBUM  AMD 
PLACBNTA 

BBBUM  Airs 
FLACBNTA 

min. 

before 

after 

before 

afUr 

1 

30 

0.054 

0.091 

0.131 

0.123 

2i 

30 

0.075 

0.075 

0.112 

0.118 

3 

120 

0.130 

0.138 

0.191 

0.171 

4 

150 

0.124 

0.124 

0.149 

0.149 

5 

165 

0.099 

0.104 

0.115 

0.115 

6 

240 

0.108 

0.102 

0.148 

0.148 

7 

300 

0.076 

0.094 

0.124 

0.124 

Average . . 

0.094 

0.104 

0.138 

0.135 

Due  to  fee 

ding  0.010 

Due  to  ferment  action 

0.044 

Here  we  note  a  slight  increase  in  the  general  average  of  amino  acids 
when  animals  are  fed  upon  the  ordinary  mixed  food  of  the  laboratory. 
On  the  other  hand  there  is  practically  no  change  in  the  enzymes.  It  is 
possible  that  the  latter  is  due  to  the  inhibition  of  ferments  by  the  in- 
crease in  the  lipoidal  content  of  the  serum. 

CONCLUSIONS 

1.  Normal  blood  serum  contains  a  weak  proteolytic  fennent  which 
carries  digestion  to  the  amino  acid  stage.  The  concentration  of  this 
ferment  is  not  constant. 

2.  There  is  an  increased  proteolytic  ferment  action  of  serum  during 
pregnancy  as  shown  by  the  dialysis  method  of  Abderhalden.  This  can- 
not be  detected  by  the  Van  Slyke  method. 

3.  The  injection  of  placental  suspension  does  not  give  rise  to  an  in- 
creased production  or  mobilization  of  ferments  when  tested  by  the 
dialysis  method  or  the  Van  Slyke  method. 

4.  The  injection  of  the  split  products  of  pepsin-trypsin  digestion  of 
human  placenta  gives  rise  to  an  increase  in  the  ferments.  This  increase 
can  be  shown  by  the  dialysis  method  but  not  by  means  of  the  Van  Slyke 
method. 

5.  The  theory  imderlying  the  Abderhalden  reaction  as  advanced  by 
Abderhalden  does  not  explain  the  increase  in  ferments  found  during 
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pregnancy.  The  basis  of  the  theory  would  seem  to  be  the  entrance  of 
split  products  of  placental  hydrolysis  rather  than  of  chorionic  villi  and 
cells. 

6.  The  Van  Slyke  method  is  not  applicable  to  determinations  of  the 
above  character  in  which  a  non-soluble,  moist,  complex,  protein  sub- 
stance is  incubated  with  serum  in  a  test-tube  but  without  dialysis. 
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INTRODOCnOK 

The  work  reported  in:  this  paper  was  uiniertaken  at  the  suggestion  of 
Dr.  A.  J.  Carlson  J  with  the  view  of  determining  if  cretinism  can  be  pro- 
duced in  this  animaL 

It  is  difficult  to  carry  out  complete  thyroidectomy  in  the  pig,  owing 
to  the  fact  that  considerable  acce^ory  thyroid  tissue  is  scattered  along 
the  entire  cervical  region,  and  is  present  in  the  thoracic  cavity  of  some 
individuals. 

Although  there  is  a  vast  amount  of  literature  available  concerning 
thjToidectomy  in  experimental  animals,  that  pertaining  to  the  pig  is 
very  meager* 

Horsley  (1)  in  1886,  reported  that  removal  of  the  thyroid  in  two  pigs 
was  followed  by  symptoms  of  tremor,  leucocytosis  and  anemia  with 
subnormal  temperature.  In  1892  (2)  he  reported  that  experiments  by 
himself  and  Munk  yielded  negative  results,  but  that  the  animals  were 
not  observed  for  a  sufficient  length  of  time.  He  leaves  the  impression 
that  this  group  of  pigs  would  have  very  likely  developed  the  character- 
istic symptoms  and  died  had  they  been  observed  longer.  He  also 
states  that  the  results  are  much  more  serious  in  young  animals,  and  that 
compensator^^  hypertrophy  takes  place  very  readily  in  young  animals. 
He  classifies  the  pig  (with  the  sheep,  goat  and  donkey)  in  the  group  of 
animals  which  slowly  develop  general  cachexia,  with  death  after 
thyroidectomy. 

Eiselberg  (3)  removed  the  thyroid  from  a  pig  four  weeks  of  age.  He 
reports  a  marked  retardation  in  growth,  unaccompanied,  howeveT^  by 
apathetic  idiocy,  the  animal  l:>eing  as  lively  as  normal  animals. 

Moussu  (4)  operated  upon  one  pig  fifteen  days  of  age.  It  remamed 
normal  until  about  one  month  later  when  it  began  to  show  sjTuptoms 
of  myxedema.    It  became  sickly  in  appearance,  the  skin  became  bald 
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in  plaoee,  and  in  others  was  covered  with  remarkably  long  and  thick 
bristles.  There  was  swdling  of  the  abdomen  and  formaticm  of  infil- 
trated cutaneous  folds.  There  was  also  retarded  ^owth.  The  ani- 
mal died  at  the  age  of  two  months  and  four  days.  Post-^a<»i)em  symp>- 
toms  were  stated  to  be  similar  to  those  found  in  human  cretins. 

The  thyroidecUmiized  and  control  pigs.  From  three  pigs  the  thyroid 
was  removed  by  the  operation  described  below.  Three  other  pigs  were 
kept  as  controls.  The  ^  pogs  were  from  the  same  litter  of  seven. 
The  mother,  a  grade  white  sow  was  immune  to  cholera,  and  on  A^il 
15^  1915,  gave  birth  to  seven  heaithy  strong  pigs.  In  the  Utter  were 
two  females  and  five  males.  One  female  and  two  males  were  operated 
upon,  and  one  female  and  two  males  were  used  as  cheeks.  The  oper- 
ated pigs  consisted  of  a  black  and  white  male,  a  white  male  a&d  a  white 
fenude.  The  checks  consisted  of  a  Mack  and  white  femafe  and  two 
white  males. 

Tite  pigs,  with  their  motiber^  were  kept  in  a  warm,  clean  faox  stall,  and 
an  bright  simshiny  days  enjoyed  the  freedom  of  an  oirtaide  pea. 

When  the  pigs  were  eight  weeks  ot  age,  they  were  weaned,  ^md  then 
l^&ced  in  pens  along  with  the  vniversity  herd.  At  first,  the  opecated 
psgp  were  placed  in  one  pen  and  ibe  checks  in  another,  axxd  later  plaoed 
all  togetiier  La  a  large  pen  with  an  open  yard  adjoinsBg.  They  weoe 
well  cared  for  and  given  all  they  would  eat  of  a  properly  balaneed  ra^aon. 

When  four  months  of  age  the  pigs  wetre  given  a  protective  doee  of 
hog  cholera  aennn.  Hog  cholera  eadsted  on  the  fann  and  tbe  pigs  were 
vaeeinated  as  a  matter  ol  precavttioiL 

In  Novemb^  the  pigs  were  placed  in  one  of  the  hog  homes  of  ibe 
serum  |dant.  They  were  placed  in  a  laqge  inside  pen  and  were  wefl  led 
and  taken  care  of.  They  were  in  a  building  which  was  used  for  qnar- 
tezang  hog  «li(dera  virus  pigs,  and  accordingly  were  ^areiuHy  watched 
for  any  symptosM  of  cholera^  but  as  none  developed  they  were  thongfit 
to  be  immune  from  the  disease. 

Anatomy  ef  the  thyroid.  In  the  pig  the  thyroid  consists  of  two  lobes, 
dosdy  attached  to  fiaeh  other  by  means  of  connective  tissue,  so  that 
an  MmmB  «aanot  be  distinguisfaed.  The  gland  vari^6  stilly  in  po- 
sition in  different  individuals,  but  is  always  situated  on  the  ventral 
fluffaee  of  the  trachea^  and  usually  a  couple  of  indies  below  the  larynx, 
bat  may  be  in  contact  with  it.  fiisson  (5)  states  that  in  the  adult  the 
lateral  lobes  are  irregularly  triangular  in  outline  and  in  a  large  adxdt 
are  two  inches  or  more  in  length;  and  that  the  chief  artery  enters  at 
the  posterior  extremity. 
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In  the  week  old  pig  the  gland  is  similar  in  general  arrangement  to 
that  of  the  adult.  Each  lobe  is  thin,  rather  ovoid  in  shape,  and  about 
the  size  of  a  bean.  The  two  lobes  are  intimately  connected,  except 
at  the  posterior  end  where  each  lobe  is.  pointed.  The  gland  varies  in 
size,  but  on  an  average  weighs  about  0.5  gram.  On  section  the  alveoli 
are  about  twice  the  size  of  those  in  an  adult  normal  hog. 

The  parathyroids  in  this  animal,  according  to  EUenbei^er  (6)  differ 
from  those  found  in  other  animals  in  that  the  median  pair  are  missing. 
He  further  states  that  the  lateral  parathyroids  in  ruminants  and  pigs 
do  not  extend  to  the  thyroid,  but  remain  permanently  at  the  cranial 
end  of  the  thymus;  and  that  in  mature  animals  as  the  thymus  disap- 
pears they  are  surroimded  by  a  small  amoimt  of  thymus  tissue  or  fat. 
If  the  position  of  the  lateral  parathyroids  can  be  in  any  way  judged  by 
the  position  of  the  thymus,  they  are  quite  apt  to  vary  in  position. 
Sisson  (5)  states  that  the  thypaus  in  the  pig  may  extend  up  the  cervical 
region  to  a  varying  extent,  that  it  may  extend  to  the  larynx  or  even  to 
the  mandibular  space.  We  have  found  the  position  of  the  thymus  in 
the  fetife  to  vary,  but  it  is  usually  found  at  or  near  the  thoracic  inlet. 
Owing  to  the  location  of  the  parath3a*oids  in  this  animal  there  is  not 
much  danger  of  removing  them  in  a  thyroidectomy;  and  the  symptoms 
following  such  an  operation  should  not  be  accompanied  by  the  symp- 
toms foUowing  a  parathyroidectomy. 

The  presence  of  an  accessory  thjrroid,  somewhat  oval  in  shape  and 
about  the  size  of  a  marble  is  quite  constant  at  the  thoracic  inlet. 

The  operation.  The  three  pigs  were  thyroidectomized  aseptically 
and  under  ether  anesthesia  when  eight,  twelve  and  fifteen  days  of  age, 
respectively.  The  thjrroid  lobes  were  found  to  be  but  loosely  attadied 
to  the  trachea,  so  that  they  were  removed  intact.  The  recurrent  laryn- 
geal nerves  are  not  in  contact  with  the  thyroid,  so  there  is  no  danger 
from  this  soiu'ce  in  the  pig.  The  operated  pigs  when  letumed  to  the 
mother,  began  to  nurse  immediately  and  in  no  case  did  they  miss  a 
feed.  The  young  pig  takes  the  ether  quite  readily,  only  a  few  inhata- 
tions  being  required  to  produce  anesthesia.  The  wounds  healed  by 
primary  intention  in  all  cases  and  the  sutures  were  removed  on  the 
seventh  day. 

Results.  During  the  first  two  months  no  changes  in  ph3r8ical  condi- 
tion could  be  observed.  The  operated  and  control  pigs  were  of  equal 
size  and  weight. 

The  first  pig  to  show  any  change  was  the  operated  white  sow.  She 
developed  many  circumscribed,  inflamed,  swollen  areas  about  the  size 


Digitized  by 


Google 


PARTIAL  THYROIDECTOMY   IN   PIGS  575 

of  a  dime,  along  the  ventral  surface  of  the  abdomen,  which  were  very 
resistant  to  treatment.  The  only  other  pig  to  show  such  lesions  was 
the  operated  white  boar.  No  specific  cause  for  this  condition  could 
be  determined,  and  in  pigs,  skin  lesions  of  this  kind  are  imknown  to 
the  writer.  Scrapings  from  the  diseased  areas  were  negative  when  ex- 
amined under  the  microscope.  Owing  to  the  slop  feed  which  the 
mother  received  and  the  natiu-e  of  the  animals,  the  cement  floor  of  the 
pen  in  which  these  animals  were  kept  was  wet  most  of  the  time,  but 
plenty  of  clean  dry  straw  was  provided,  and  in  general  the  pen  was 
much  cleaner  and  dryer  than  the  average  pig  pen.  This  skin  disease 
could  hardly  be  attributed  to  the  pen  because  only  two  of  the  pigs 
showed  symptoms  (both  operated  pigs)  and  such  lesions  are  not  com- 
mon in  pigs  which  are  quartered  in  much  poorer  pens. 

An  outbreak  of  necrobacillosis  existed  among  the  young  pigs  of  the 
university  herd,  but  in  these  the  lesions  were  confined  to  the  mouth 
and  internal  organs.  These  sores  on  the  operated  animals  did  not 
become  necrotic,  nor  could  the  necrosis  bacillus  be  demonstrated. 
After  several  weeks  the  lesions  disappeared,  the  affected  animals  being 
given  plenty  of  sunshine  and  antiseptic,  astringent  baths. 

The  next  indication  of  a  lowered  resistance  was  manifested  by  the  op- 
erated black  and  white  boar.  In  June  he  was  noticed  to  be  lame  and 
upon  examination,  one  of  the  digits  of  the  left  fore  limb  was  found  to 
be  swollen  and  painful.  No  infection  developed,  the  injury  was  prob- 
ably a  bruising  of  the  tissues,  which  was  very  slow  to  heal.  The  ani- 
mal remained  lame  for  over  six  weeks.  This  condition  is  rarely  seen  in 
the  pig  and  when  bruising  does  occur  the  lameness  is  of  short  duration 
imless  infection  develops. 

During  the  early  summer  when  about  three  months  old,  all  of  the 
pigs  showed  symptoms  of  parasitism,  especially  lung  worms,  with*much 
coughing.  No  treatment  was  given  but  this  invasion  interfered  with 
the  growth  and  thrift  of  all  the  pigs.  The  symptoms  were  more  marked 
in  the  operated  pigs  and  although  the  rate  of  gain  was  about  equal  in 
the  two  groups,  the  operated  pigs  made  a  much  slower  recovery  than  the 
normal.  The  operated  white  boar  seemed  to  suffer  the  most,  and  be- 
came the  smallest  pig  in  the  litter.  His  hair  coat  was  rough,  and  the 
bristles  came  out.  He  became  almost  entirely  bald  over  his  body  and 
the  skin  very  red  and  congested.  He  developed  a  "pot-belly"  and  a 
myxedematous  appearance.    He  was  not  expected  to  Uve. 

In  the  fall  when  the  cold  weather  set  in,  the  pigs  began  to  improve 
and  gain  in  weight  more  rapidly  and  none  of  them  showed  any  signs  of 
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parasitism.  Even  the  white  boar  which  was  not  expected  to  live  showed 
a  very  marked  improvement,  although  a  little  imdersized.  The  pot- 
belly disappeared,  the  hair  coat  improved  and  other  than  being  a  little 
smaller  he  could  not  be  differentiated  from  the  others.  The  paraates 
did  not  interfere  with  the  growth  and  development  of  the  testicles  in 
the  male  pigs,  and  it  became  necessary  to  castrate  them.  They  were 
castrated  on  October  13,  1915,  with  the  exception  of  the  black  and 
white  thyroidectomized  boar  which  was  left  entire,  because  it  was  in* 
tended  to  experiment  with  his  fertility.  No  diflferences  were  noted  in 
the  size  and  appearance  of  the  testicles  of  the  operated  and  chec^  [ngs. 
The  testicles  represented  0.76  per  cent  and  0.56  per  cent  of  the  body 
weight  in  the  check  pigs  and  0.77  per  cent  of  the  body  wd^t  of  ibe 
operated  pig. 

Tlie  body  temperatures  of  all  the  pigs  were  taken  at  frequent  inter- 
vals, but  they  rfiowed  no  variations  from  the  normal. 

During  the  winter  the  operated  pigs  grew  well  but  did  not  gain  in 
weight  as  rapidly  as  the  check  pigs.  Ilie  aven^  weight  curve  is  shown 
in  the  following  chart.  It  will  be  noticed  that  dxiring  tSie  first  few  weeks 
the  weights  of  both  groups  were  equal;  from  tfce  fourth  to  tbc  mnA 
week  there  was  quite  a  mariced  difference  in  the  rate  of  growth  in  the 
two  groups,  but  after  the  ninth  week  the  rate  of  -growth  in  the  'Opep- 
a1;ed  pigs  was  equal  to  that  of  the  checks.  This  eqfjtsl  rate  con- 
tinued until  the  twenty-seventh  week,  when  the  rate  of  gFewtb  in- 
creased in  the  checks,  but  remained  about  the  same  in  tte  operated 
pigs.  At  forty  weeks,  which  is  about  the  time  of  market  maturity  « 
this  ammal,  'there  was  an  average  difference  of  80  pounds  between  the 
checks  and  operated  pigs. 

Sexually,  all  of  the  males  were  very  active,  but  owing  to  the  fact 
they  were  grade  stock  there  was  no  opportimity  to  try  out  the  repatxhio- 
tive  powers  of  the  thyroidectomized  boar  on  mature  breeding  aowb. 
Early  in  November  the  two  sows  (operated  and  dieck)  came  in  heat. 
They  were  bred  to  tlie  operated  boar,  and  conceived,  as  dioestrum  did 
not  recur.  Post-mortem  on  the  two  sows  was  held  shortly  before  the 
time  of  parturition.  The  operated  sow  presented  one  mummified  fetus 
in  the  uterus,  and  the  check  sow  presented  xme  fnUy  formed  fetus,  which 
appeared  normal  and  probaWy  would  have  been  bom  in  a  short  tsme. 
This  fact  is  significant,  as  normal  sows  bred  to  normal  boars  usuaBy 
have  five  or  six  pigs  at  the  first  litter,  and  older  sows  may  have  as 
many  as  ten  to  fifteen.  That  the  operated  boar  retmned  his  sexual 
activity  was  demonstrated  by  the  fact  that  whenever  any  of  the 
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in  his  building  were  in  heat  he  made  violent  efforts  to  reach  them  and 
several  times  did  get  over  the  high  partition  of  his  pen. 

Post-mortem  findings.^  On  February  4, 1916,  the  operated  white  sow 
was  reported  sick  by  the  feeder,  and  when  seen  was  found  to  be  in  a 
dying  condition.  The  feeder  reported  that  for  a  couple  of  days  she 
had  not  been  eating  very  well.    Post-mortem  revealed  pneumonia  and 
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Fig.  1.    The  growth  curves  of  three  normal  and  three  thyroidectomized  pigs 

pleurisy  involving  both  lungs  and  the  parietal  and  visceral  pleura  of 
both  sides.  The  digestive  organs  showed  a  gastritis.  Abdominal  and 
thoracic  lymph  glands  were  congested.  All  other  organs  were  normal, 
except  the  uterus;  here  there  was  considerable  exudate  and  a  mummi- 
fied fetus  was  found.    The  head  of  the  fetus  was  fairly  well  developed, 

^  Dr.  Kemkamp  of-  the  serum  laboratories  codperated  in  the  post-mortem 
examinations. 
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the  body  small  in  diameter,  but  very  long,  and  the  legs  were  not  de- 
veloped to  any  appreciable  extent.  The  region  of  the  larynx  and  tra- 
chea of  this  operated  animal  was  carefully  examined  and  numerous 
gland-like  structures  varying  in  size  from  a  sntall  seed  to  a  large  bean 
were  found  and  retained  for  microscopic  study. 

The  pigs  were  carefully  watched  and  none  of  the  remaining  animalB 
showed  any  signs  of  sickness,  but  on  February  14,  1916,  two  more 
were  found  dead.  The  pigs  had  been  seen  last  by  myself  the  day  be- 
fore and  at  that  time  they  all  appeared  normal.  The  dead  pigs  were 
the  operated  white  male  and  the  check,  black  and  white  sow.  The 
check  sow  was  posted  first,  and  the  only  lesions  found  were  in  the  lungs. 
These  organs  showed  lesions  of  pneumonia  involving  only  the  distal 
parts  of  the  cardiac  lobes.  The  uterus  was  normal  and  contained  one 
normal  fetus.  The  operated  white  male  showed  very  marked  lesions 
in  many  organs.  There  was  extensive  pneumonia  and  pleurisy.  Di- 
gestive tract  showed  a  congested  intestine.  The  spleen  was  hemorrha- 
gic and  the  kidneys  showed  a  few  petechiae.  The  lymph  glands  of  the  I 
entire  body  were  swollen  and  congested.  All  gland-like  structures  in  | 
the  cervical  region  were  removed  and  sectioned.  j 

Although  the  lung  lesions  in  the  thyroidectomized  animal  were  the  j 

predominating  post-mortem  findings,  and  the  primary  cause  of  death 
was  very  likely  a  pneimionia,  the  case  resembled  hog  cholera  somewhat. 
Therefore,  when  the  remaining  operated  pig,  the  black  and  white  boar, 
showed  a  slight  temperature  and  was  oflf  feed  a  few  days  later,  he  was 
given  60  cc.  of  hog  cholera  serum.  A  blood  inoculation  would  have 
been  made  from  this  animal  to  determine  if  he  really  had  cholera,  but 
no  known  susceptible  pigs  could  be  obtained  at  that  time.  The  boar's 
condition  remained  about  the  same  for  a  few  days,  then  he  grew  worse, 
and  died  on  February  20,  1916.  Post-mortem  examination  revealed 
pneumonia  and  pleurisy  involving  both  lungs  and  pleura,  gastritis  with 
blood  stained  stomach  contents,  lymph  glands  of  thorax  congested  and 
swollen;  kidneys  showed  a  few  petechiae,  but  all  other  organs  normal. 
All  glands  from  the  cervical  region  were  removed  and  sectioned  as  in 
the  case  of  the  other  operated  pigs. 

The  remaining  check  pigs  did  not  become  sick,  the  appetite  remained 
good  and  they  did  not  show  any  rise  in  body  temperature. 

All  of  the  thyroidectomized  pigs  died,  the  female  with  the  mummified 
fetus  first,  and  the  boar  last.  They  all  showed  extensive  lesions  with 
those  of  pneumonia  and  pleurisy  predominating  a,nd  constant.  Only 
one  check  pig  died.    Death  in  all  these  animals  was,  in  the  opinion  of 
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Dr.  Kernkamp  and  myself,  caused  primarily  by  pnemuonia,  which  is 
rather  common  in  pigs  during  the  winter  months.  During  cold  weather 
the  pigs  will  pile  up  on  one  another.  Those  on  the  bottom  become  very 
warm  and  later  when  they  come  in  contact  with  the  cold  air,  chill,  and 
if  their  resistance  is  low  are  quite  apt  to  develop  pneimionia. 

While  some  of  these  pigs  showed  slight  lesions  of  cholera,  they  were 
not  typical.  Further,  these  pigs  had  been  given  serum  when  young 
and  very  likely  became  actively  immune.  If  they  were  not,  they  would 
certainly  have  shown  symptoms  in  the  fall  shortly  after  being  placed 
in  the  shed  occupied  by  virus  pigs.  The  boar  was  given  the  serum 
when  he  first  showed  signs  of  sickness.  Serum  is  sometimes  effective  as 
a  curative  agent  for  cholera,  especially  when  administered  early  and 
in  large  doses. 

At  the  time  of  the  post-mortem  examination  all  glands  in  the  region 
of  the  larynx  and  trachea  were  removed  and  sectioned.  These  struc- 
tures varied  in  size  from  a  small  seed  up  to  that  of  a  large  bean  or  hick- 
ory nut.  Most  of  the  small  glands  proved  to  be  lymph  glands,  but  in 
each  operated  pig  several  glands  were  found  which  proved  to  be  ac- 
cessory thyroids.  The  glands  were  for  the  most  part  located  at  or 
near  the  thoracic  inlet  along  the  trachea.  The  largest  accessory  thy- 
roid was  found  in  the  case  of  the  black  and  white  boar.  The  gland  was 
4  cm.  long  and  2.5  cm.  wide  and  0.5  cm.  thick,  located  along  the  ven- 
tral surface  of  the  trachea  at  the  thoracic  inlet.  The  alveoli  in  the  ac- 
cessory thyroids  were  about  the  size  of  those  found  in  the  thyroid  of  the 
week  old  pig. 

Discussion  of  the  results.  Definite  conclusions  cannot  be  drawn  from 
such  a  small  number  of  animals,  but  owing  to  the  fact  that  the  varia- 
tions from  the  normal  in  the  three  operated  pigs  were  quite  constant, 
we  believe  the  following  conmients  are  warranted. 

Our  results  are  not  in  accord  with  those  obtained  by  Horsley,  Munk 
and  Moussu,  but  are  in  general  the  same  as  those  reported  by  Eiselberg. 

It  is  difficult  to  account  for  the  results  obtained  in  Moussu's  one 
case.  One  of  our  animals  (the  white  male)  when  about  three  months 
of  age  began  to  show  symptoms  quite  similar  to  those  described  by 
Moussu,  and  if  the  animal  had  died  at  this  time  we  would  have  be- 
lieved that  this  pig  was  developing  into  a  cretin,  but  died  before  the 
syndrome  was  complete.  This  pig,  however,  soon  began  to  improve 
and  when  fall  came,  looked  and  acted  similar  to  the  other  pigs,  though 
slightly  imdersized. 

Moussu  does  not  describe  the  method  of  feeding  and  quartering  his 
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animal,  but  it  is  well  known  that  pigs  and  especially  young  pigs,  if  not 
fed  properly  and  quartered  in  sanitary  pens  are  quite  likely  to  develop 
a  pot  bellied  appearance,  an  unthrifty  hair  coat  and  general  cachexia. 
Such  a  condition  is  usually  the  result  of  an  invasion  of  parasites. 

Another  possible  explanation  of  Moussu's  results  is,  that  the  particu- 
lar animal  upon  which  he  operated  had  a  very  small  amount  of  acces- 
sory thyroid  tissue.  (In  posting  pigs  I  have  sometimes  found  the  large 
accessory  thyroid,  usually  located  at  the  thoracic  inlet,  to  be  absent.) 

Horsley's  pigs  developed  a  condition  of  general  cachexia  and  died 
after  a  long  period  of  this  depression.  True  cretinism  would  very 
likely  have  started  to  appear  when  the  animals  were  much  younger. 
Death  in  these  cases  was  very  likely  the  result  of  a  lowered  body  re- 
sistance. 

Although  the  details  of  Eiselberg's  work  are  not  available,  our  re- 
sults are,  in  general,  in  accord  with  those  obtained  by  him.  Our  oper- 
ated pigs  were  somewhat  imdersized.  This  change  was  more  marked 
during  the  last  two  months  of  their  lives,  and  would  have  very  likely 
increased  if  the  pigs  had  Uved  longer.  It  is  probable  that  this  de- 
creased rate  of  growth  was  the  result  of  the  lowered  body  resistance, 
or  may  have  been  due  to  disturbances  in  metaboUsm  as  a  result  of  the 
diminished  quantity  of  thyroid  tissue. 

All  of  the  thyroidectomized  pigs  showed  a  marked  lowered  body  re- 
sistance at  some  time  during  their  Uves.  This  fact  is  demonstrated  by 
the  skin  distiu-bances,  the  parasitic  invasion  and  finally  the  deaths  from 
pneumonia.  On  post-mortem  there  were  extensive  tissue  changes  in 
th(B  operated  pigs  which  died  from  pneumonia,  but  only  slight  lung 
lesions  existed  in  the  one  check  pig  which  died  from  this  disease. 

Before  the  fatal  pneumonia,  a  stranger  had  diflScijJty  in  distinguish- 
ing the  operated  from  the  normal  pigs.  Other  than  the  slight  diflfer- 
ences  in  weight,  there  were  no  distinguishing  clinical  features. 

The  apparent  effect  upon  the  reproductive  powers  is  interesting,  but 
further  work  along  this  line  is  needed  before  any  statements  can  be 
made. 

SUMMARY 

1.  Extirpation  of  the  main  thyroid  gland  in  young  pigs  does  not  in- 
duce cretinism,  at  least  within  a  period  of  nearly  one  year.  There  is 
a  sUght  retardation  in  growth,  but  the  operated  pigs  act  similar  to  the 
controls,  except  that  they  show  a  marked  lowered  resistance  to  infection. 
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2.  Post-mortem  examination  of  the  thyroidectomized  pigs  revealed 
a  marked  hypertrophy  of  the  accessory  thyroid  tissue. 

3.  The  main  thyroid  gland  plays  an  important  part  in  the  normal 
body  resistance  to  infection  and  when  this  structure  is  removed  the 
accessory  thyroids  cannot  completely  compensate. 

4.  In  pigs  a  degree  of  hypothyroidism,  not  suflBcient  to  lead  to 
marked  changes  in  physical  appearance  of  the  animal,  lowers  the  re- 
sistance to  infection  to  quite  a  degree,  and  impairs  the  fimctionsof 
reproduction. 

I  wish  to  express  my  appreciation  to  Dr.  Carlson  for  his  valuable 
criticisms,  and  to  Drs.  E.  P.  Lyon,  F.  H.  Scott  and  C.  M.  Jackson  for 
their  valuable  suggestions. 
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The  diastatic  activity  of  the  blood  in  diabetes.     Victor  C.  Myers  and 

John  A.  Killian. 

Although  it  has  been  recognized  since  the  time  of  Magendie  that 
blood  possesses  active  diastatic  properties,  no  studies  of  a  conclusive 
nature  appear  to  have  been  pubUshed  relative  to  the  activity  of  the  blood  i 

diastase  in  human  subjects  suffering  from  diabetes.  This  has  probably 
been  due  to  the  lack  of  a  sufficiently  delicate  and  accurate  method. 

It  has  been  found  that  the  procedure  introduced  by  Lewis  and 
Benedict^  for  the  estimation  of  the  sugar  of  the  blood,  may  be  excel-  ' 

lentl}''  utilized  in  the  estimation  of  its  diastatic  activity.     Two  2  cc.  | 

samples  of  oxalated  blood  are  taken,  one  being  employed  as  a  control. 
The  control  tube  is  made  up  to  10  cc.  with  distilled  water  and  the  tube 
to  be  employed  for  the  test  to  9  cc.  Both  tubes  are  now  placed  in  a 
water  bath  at  40°C.  As  soon  as  the  contents  of  the  tubes  have  been 
brought  to  this  temperature,  1  cc.  of  1  per  cent  soluble  starch  is  added 
to  the  second  tube,  the  tube  mixed,  and  incubation  then  carried  out 
for  exactly  fifteen  minutes  at  40°C. 

After  the  incubation  has  been  completed,  about  1  gram  of  dry  picric 
acid  is  at  once  added  to  each  tube  and  the  mixtures  stirred.  When  the 
proteins  are  precipitated,  the  tubes  are  centrifuged  and  the  superna- 
tant fluid  filtered.  The  sugar  in  3  cc.  portions  of  the  filtrates  is  now  esti- 
mated according  to  the  technique  described  by  Myers  and  Bailey.' 
Correction  is  made  for  the  sugar  originally  present  in  the  blood  (with 
the  aid  of  the  control)  and  for  the  sUght  reducing  action  of  the  soluble 
starch.     The  results  have  been  recorded  in  terms  of  the  percentage  of 

*  Lewis  and  Benedict:  Journ.  Biol.  Chcm.,  1915.  xx,  61. 

*  Myers  and  Bailey:  Journ.  Biol.  Chem.,  1916,  xxiv,  147. 
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the  soluble  starch  (10  mgm.)  transformed  to  reducing  sugars  (calcu- 
lated as  glucose)  by  the  2  cc.  of  blood  employed. 

It  is  believed  that  10  mgm.  of  starch  furnish  a  suflScient  substrate  for 
all  ordinary  conditions  with  human  blood  (except  possibly  in  very  se- 
vere diabetes),  since  practically  identical  results  have  been  obtained 
with  amoimts  of  starch  up  to  40  mgm.  Glycogen  offers  no  advantage 
over  soluble  starch,  since  the  results  are  essentially  identical.  The  pos- 
sible error  of  glycolysis  would  appear  to  be  a  negfigible  one  during  a  fif- 
teen minute  period  of  incubation. 

The  diastatic  activity  of  the  blood,  with  this  method,  has  been  found 
to  vary  from  15  to  25  in  a  variety  of  miscellaneous  conditions  in  the 
human  subject.  In  cases  of  advanced  nephritis  with  nitrogen  retention 
and  hyper^ycemia,  figures  froi^a  30  to  40  have  been  observed,  while  in 
eleven  cases  of  diabetes  the  values  ranged  from  40  to  74.  These  re- 
sults would  suggest  that  the  increased  diastatic  activity  in  both  nephri- 
tis and  diabetes  (as  shown  by  th^  analyses  of  the  blood)  may  be  the 
important  factor  in  the  production  of  the  hyperglycemia  in  these 
conditions. 

Observations  concerning  fat  feeding.     F.  M.  Allen. 

The  observed  effects  of  fat  feeding  are  classifiable  in  four  divisions. 

1.  Effect  on  acidosis.  It  is  well  known  that  the  ordinary  laboratory 
animals  show  no  ketonuria  on  fasting.  There  is  no  distinction  be- 
tween carnivora  and  herbivora  in  this  respect.  The  experiments  con- 
firm the  statement  of  Neumann  and  others,  that  young  puppies  show 
fasting  ketonuria.  Their  weakness  is  the  main  diflSculty  for  experi- 
mental uses.  Adult  dogs  by  partial  pancreatectomy  become  subject 
to  acidosis  imder  three  conditions: 

A.  Acidosis  on  feeding.  Suitable  fat  diet  gives  rise  to  acidosis  in 
severely  diabetic  dogs  possessing  suflBcient  power  of  fat  digestion. 
Breakdown  of  digestion  is  the  principal  difficult}^  to  be  avoided.  With 
successful  management,  the  acidosis  proceeds  to  typical  diabetic  coma. 
The  fat  ration  employed  has  generally  been  100  to  250  grams  of  suet 
daily.  As  in  human  diabetes,  protein  and  carbohydrate  fail  to  stop 
this  acidosis,  so  that  dogs  go  into  coma  on  full  mixed  diet.  The  carbon 
dioxide  capacity  of  the  blood  plasma  falls  only  in  the  more  severe  later 
stage,  but  in  coma  approximates  that  of  human  patients.  Doses  of 
alkali  easily  maintain  the  blood  alkalinity  but  do  not  perceptibly 
lengthen  life.  The  excretion  of  acetone  bodies  is  generally  much  less 
than  in  human  patients,  but  the  concentration  in  the  blood  is  fully 
comparable. 

B.  Acidosis  on  fasting.  When  a  dog  with  potentially  severe  diabetes 
is  kept  free  from  glycosuria  and  gradually  fattened  by  means  of  a  low 
protein,  high  fat  diet,  glycosuria  ultimately  develops  and  a  condition 
can  be  attained  in  which  the  animal  develops  fatal  acidosis  on  fasting, 
reproducing  the  condition  and  the  symptoms  of  certain  human  patients. 

C.  Acidosis  without  glycosuria.  Partial  pancreatectomy  creates 
susceptibility  to  acidosis  even  when  glycosuria  is  entirely  prevented  by 
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diet.    Such  animals  on  suitable  fat  diets  develop  ketonuria  far  more 
readily  than  normal  dogs. 

£.  Effect  on  glycosuria.  Fat  feeding  alone  never  gives  rise  to  glyco- 
suria, but  in  predisposed  animals  and  patients  free  from  glycosuria  on 
a  given  diet,  the  addition  of  fat  results  in  glycosuria. 

3,  Toxicity  in  normal  animals.  Young  puppies  are  easily  killed  by 
excessive  fat  diet,  especially  by  feeding  pure  fat  after  fasting  for  a  few 
days  has  produced  ketonuria.  Adult  dogs  can  be  made  to  develop  both 
acetonuria  and  intoxication  if  the  fat  feeding  is  pushed  long  enough. 
There  is  no  parallelism  between  acetone  bodies  and  intoxication  in 
these  animals.  The  symptoms  are  loss  of  hair,  eczema,  loss  of  weight, 
and  very  pronounced  terminal  ataxia  and  generally  convulsions. 

4.  Lipemia.  Partial  pancreatectomy  occasions  only  a  slight  Upemic 
tendency  in  absence  of  glycosuria,  and  glycosuria  produced  by  phlorid- 
zin  is  known  to  be  accompanied  by  only  sUght  lipemia,  but  when  the 
partially  depancreatized  animals  are  allowed  to  develop  severe  glyco- 
suria, they  become  susceptible  to  true  diabetic  Upemia  on  fat  feeding. 
As  high  as  10  per  cent  fat  has  been  foimd  in  their  plasma.  The  finer 
characteristics  and  the  reasons  for  variations  between  individual  ani- 
mals are  under  study. 

The  experiments  indicate  that  acidosis  is  not  due  solely  to  lack  of 
carbohydrate,  but  that  the  pancreatic  function  is  somehow  concerned, 
possibly  only  indirectly  through  the  liver  or  otherwise.  A  wide  range 
of  experimental  material  is  afforded  for  researches  not  Umited  to  diabe- 
tes, dealing  with  endocrine  functions,  enzymes  such  as  lipases,  lipoid 
metabolism  from  the  standpoint  of  both  chemistry  and  morphology, 
etc. 

The  cause  of  the  increased  heat  production  following  pancreatectomy  in  the 

dog.    John  R.  Murlin. 

Three  experiments  were  reported  in  which  the  heat  production  by 
the  indirect  method  was  determined  before  and  after  pancreatectomy; 
and,  immediately  following  each  respiration  experiment,  blood  was 
drawn  and  examined  for  blood  fat.  In  one  experiment,  also,  the  COi- 
carrying  power  of  the  whole  blood  was  determined  by  the  Haldane 
method.  Thus  it  was  possible  to  compare  the  heat  production  with 
the  intensity  of  the  protein  metabolism  (N  output  in  urine)  with  the 
concentration  of  blood  fat  and  with  the  actual  acidosis. 

Two  of  the  dogs  were  fed  both  before  and  after  pancreatectomy,  one 
fasted  throughout.  In  the  fed  dogs  the  heat  production  rose  on  the 
second  day  to  31  and  42  per  cent,  respectively,  above  the  normal 
metabolism.  In  the  fasting  dog  it  rose  to  only  7  per  cent  above  the 
normal.  In  the  last-named  dog  the  increased  protein  metabolism 
alone  was  sufficient  to  more  than  account  for  the  heat  production;  but 
in  the  dogs  which  were  fed  it  was  not  sufficient. 

When  fat  is  injected  directly  into  the  circulation^  or  when  fat  alone  is 
fed^  the  increased  heat  production  due  to  the  dynamic  action  of  fat  runs 

^  Murlin  and  Riche:  Proc.  Soc.  of  Exper.  Biol,  and  Med.,  1915,  xiii,  7. 
*  Murlin  and  Lusk:  Journ.  Biol.  Chem.,  1915,  xxii,  15. 
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parallel  to  the  concentration  of  blood  fat.  But  after  pancreatectomy 
it  does  not.  In  none  of  the  three  cases  did  the  maximum  heat  produc- 
tion coincide  with  the  maximum  concentration  of  blood  fat.  Since  the 
carbon  dioxid  carrying  power  of  the  blood  rose  after  pancreatectomy  ia 
the  only  case  studied  for  this  factor,  the  increased  heat  production  can 
not  be  said  to  depend  upon  the  acidosis.  Furthermore,  the  exact 
course  of  the  heat  production,  which  was  perfectly  parallel  for  the  two 
fed  animals,  could  not  be  accoimted  for  by  any  combination  of  the  pro- 
tein and  fat  factors.     The  subject  is  being  investigated  further. 

The  use  of  cotton  seed  as  food.    Thomas  B.  Osborne  and  Lafayette 

B.  Mendel. 

Both  the  globulin  and  the  total  alkaH-soluble  protein  isolated  from 
cotton  seed  as  well  as  cotton  seed  meal  and  flour  respectively  are  ade- 
quate soiu^ces  of  protein  in  the  ration  of  growing  rats.  Small  supple- 
ments of  the  meal  or  flour  make  the  proteins  of  less  efficient  feeds  such 
as  "corn  gluten,"  distillers'  grains,  etc.,  suitable  for  growth. 

Cotton  seed  meal  a.nd  flour  contain  **  water-soluble"  and  possibly  some 
of  the  '^fat-soluble"  vitamines. 

Feeding  with  untreated  cotton  seed  kernels  leads  to  nutritive  failure. 
They  apparently  contain  something  which  is  either  toxic  in  itself,  or 
renders  the  food  so  unpalatable  that  rats  refuse  to  eat  it.  This  results 
in  so-called  cotton  seed  injury.  When  the  kernels  are  thoroughly  ex- 
tracted with  ether  or  suitably  steamed,  rations  containing  them  can  be 
used  with  success.  Food  containing  small  quantities  of  the  ether  ex- 
tract becomes  imsuitable  for  nutrition. 

Both  the  crude  cotton  seed  oil  prepared  from  heated  kernels  and  that 
pressed  from  cold  kernels  can  be  fed  without  detriment.  The  cotton 
seed  residue  from  the  cold  pressed  oil  is  no  better  than  the  untreated  ker- 
nels for  nutrition. 

Some  of  these  facts  corroborate  observations  by  Richardson  and  Green 
and  by  Withers  and  Carruth. 

The  influence  of  certain  conditions  on  the  rate  at  which  epiTiephrin  is  lib- 
erated from  the  adrenals  into  the  blood,    G.  N.  Stewart  and  J.  M. 

ROGOFF. 

1.  Using  rabbit  intestine  and  uterus  segment  method  for  assaying 
epinephrin  in  adrenal  vein  blood,  we  have  been  imable  to  demonstrate 
any  decided  increase  in  the  rate  of  Uberation  by  stimulation  of  sensory 
nerves  or  asphyxia.  This  agrees  with  our  previous  results^  by  another 
method  (collection  of  adrenal  blood  in  a  cava  pocket  and  determina- 
tion of  its  effect  on  blood  pressure  and  pupil  of  the  same  animal  when 
the  pocket  is  released). 

2.  The  concentration  of  epinephrin  in  the  blood  of  the  adrenal  veins 
tends  in  general  to  increase  as  the  rate  of  flow  through  the  adrenals 
diminishes,  the  quantity  liberated  being  proportional  to  the  time  rather 
than  to  blood  flow. 

3.  For  this,  and  possibly  for  other  reasons  the  concentra^tion  of  epi- 
*  Stewart  and  Rogofif :  Journ.  Pharm.  and  Exper.  Therap.,  1916,  viii,  479. 
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nephrin  in  adrenal  blood  tends  to  be  greater  in  later  than  in  earlier 
samples. 

4.  It  follows  that  a  change  in  the  rate  of  Uberation  of  epinephrin 
can  not  be  deduced  from  a  change  in  the  concentration  (as  determined 
by  segments  or  strips)  imless  the  rate  of  flow  of  the  adrenal  blood  has 
been  measured. 

5.  Cava  blood  withdrawn  by  a  catheter  whose  orifice  is  central  to 
the  adrenal  veins  does  not  in  general  give  reactions  with  rabbit  intes- 
tine and  uterus  segments  which  would  permit  the  detection  of  epineph- 
rin, even  when  the  concentration  in  the  adrenal  vein  blood  is  proved 
to  be  capable  of  giving  marked  reactions.  The  reason  is  the  dilution  of 
the  adrenal  vein  contribution. 

6.  Even  when  serum  is  used  instead  of  blood  the  results  (for  catheter 
specimens)  have  been  negative.  Yet  when  adrenalin  is  added  to  blood 
the  separated  serum  contains  practically  all  the  adrenalin  (by  colori- 
metric,  rabbit  segment  and  blood  pressure  tests  on  the  pithed  cat). 

7.  Our  attempts  by  the  catheter  method  to  demonstrate  an  increase 
in  the  rate  of  Uberation  of  epinephrin  by  sensory  stimulation,  asphyxia 
and  emotional  disturbance  have  not  been  successful. 

8.  When  the  blood  flow  in  the  cava  is  sufficiently  slowed  the  concen- 
tration of  epinephrin  in  catheter  specimens  may  be  detectable  with 
rabbit  segments,  although  falling  below  the  threshold  of  detection  in 
earlier  specimens  when  the  cava  flow  was  larger.  This  would  not 
prove  that  the  rate  of  Uberation  of  epinephrin  had  been  increased  by 
any  procedure  concomitant  with  the  slowing  of  the  blood  flow.  For 
if  the  rate  of  Uberation  remained  the  same,  the  concentration  in 
the  catheter  blood  would  necessarily  increase  as  the  flow  in  the  cava 
lessened. 

The  blood  lipoids  in  nephritis.     W.  R.  Bloor. 

Lipemia  has  occasionally  been  reported  in  nephritis  and  because  of 
its  importance  in  the,  study  of  fat  metabolism  an  examination  of  the 
blood  Upoids  in  a  series  of  cases  of  severe  nephritis  was  imdertaken. 
The  results  showed  mainly  marked  increases  in  the  total  fatty  acids 
(due  to  fat)  in  the  blood  plasma  and  of  lecithin  in  the  corpuscles,  with  less 
marked  and  less  frequent  increases  of  fat  and  of  cholesterol  in  the  cor- 
puscles. These  abnormalities  are  essentially  those  found  in  the  blood 
in  alimentary  Upemia  and  their  presence  in  nephritis  is  believed  to  be 
due  to  a  retarded  fat  assimilation  which  is  regarded  as  one  manifesta- 
tion of  a  general  phenomenon  produced  by  the  acidosis  present  in  this 
condition. 

Concerning  the  lipoids  of  the  blood  in  renal  conditions^  with  special  ref- 
erence to  the  cholesterol  content,  Albert  A.  Epstein  and  Marcus  A. 
Rothschild. 

In  the  interpretation  of  phenomena  associated  with  renal  conditions, 
the  changes  found  in  the  blood  and  urine  are  ordinarily  attributed  to 
the  pathological  process  and  disordered  fimction  of  the  kidneys.    By  a 
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comprehensive  study  of  the  chemistry  of  the  blood  effusions  and  of 
the  urine  in  renal  and  other  conditions,  the  conclusion  has  been  reached 
that  a  type  of  renal  affection  exists,  conmionly  known  as  chronic  nephro- 
sis, in  which  the  pathological  and  chemical  basis  is  that  of  a  nutritional 
disorder.  One  of  the  authors  (Epstein)  has  on  several  previous  occa- 
sions pointed  out  the  fact  that  amongst  the  cases  of  chronic  parenchy- 
matous nephritis  there  is  a  group  which  is  essentially  different  from  all 
other  renal  affections,  and  is  fundamentally  a  constitutional  disturbance. 

This  conclusion  is  based  on  the  profotmd  changes,  particularly  in  the 
protein  content  of  the  blood  serum,  encountered  in  this  type  of  nephritis, 
and  also  from  the  character  of  the  chemical  composition  of  the  effusions 
as  compared  to  that  observed  in  other  conditions. 

By  means  of  the  newly  developed  methods  for  the  examination  of 
fats  and  lipoids  in  the  blood,  it  has  been  possible  for  us  to  examine 
nearly  one  hundred  cases  of  renal  disease  and  alUed  conditions.  The 
results  may  be  briefly  summarized  as  follows:  In  chronic  nephrosis  of 
the  type  referred  to,  particularly  in  an  edematous  stage,  the  lipoids  of 
the  blood  are  exceedingly  high;  the  cholesterol  content,  to  which  special 
attention  has  been  given  in  this  study,  has  been  observed  as  high  as 
1.226  grams  p)er  100  cc.  In  other  renal  conditions,  including  surgical 
cases,  no  such  increase  has  been  encountered.  Occasionally  a  moderate 
rise  has  been  found,  but  as  a  rule  this  was  associated  with  some  other 
superimposed  condition. 

In  uremic  cases,  particularly  those  showing  high  nitrogen  retention 
in  the  blood,  the  lipoid  content  is  very  much  diminished.  The  choles- 
terol in  such  cases  may  fall  as  low  as  0.080  gram  per  100  cc.  Sev- 
eral effusion  fluids  from  cases  of  chronic  nephrosis  have  been  examined 
and  only  traces  of  Upoid  have  been  foimd  in  them.  The  urines  of  such 
cases,  when  rich  in  protein  material,  show  the  presence  of  small  amounts 
of  lipoid. 

The  origin  of  the  increase  of  the  lipoid  content  of  the  blood  in  the 
parenchymatous  form  of  nephritis  is  not  quite  clear.  Undoubtedly  a 
large  portion  is  due  to  ingested  lipoid  material.  A  certain  part  may 
be  ascribed  to  mobilization  of  body  fat,  particularly  as  such  cases  when 
recuperating  show  extreme  emaciation.  This  high-grade  form  of  mal- 
nutrition is  undoubtedly  associated  with  considerable  tissue  degenera- 
tion, so  that  much  of  the  lipoid  in  the  blood  must  be  attributed  to  that 
source.  At  any  rate,  the  finding  evidently  represents  a  condition  of 
fat  non-utilization  comparable  to  that  found  in  diabetes  and  other 
nutritional  disorders.  This  is  evidenced  also  by  the  fact  that  when  a 
diet  consisting  of  large  amoxmts  of  protein,  a  small  amount  of  carbohy- 
drate, and  practically  no  fat,  is  administered  for  a  long  period  of  time, 
the  excessive  lipemia  and  lipoidemia  gradually  subside. 

Observations  on  acid  base  equilibrium  in  the  body.     W.  McKim  Marriott 

and  John  HowLAjn>. 

Known  amounts  of  hydrochloric  acid,  of  acid  sodium  phosphate  and 
of  sodium  phosphate  of  blood  reaction  were  administered  to  normal 


Digitized  by 


Google 


588  AMERICAN    PHYSIOLOGICAL  SOCIETY 

adults.  Determinations  on  the  urine  showed  that  hydrochloric  acid 
administration  led  to  an  increase  in  titrable  acid  (A)  and  a  proportion- 
ate increase  in  ammonia  excretion,  the  ratio  A/NHs  remaining  con- 
stant. Acid  sodium  phosphate  increased  the  titrable  acid  excretion 
but  had  no  effect  on  ammonia  excretion.  The  ratio,  A/NHj  was 
greatly  increased.  Administration  of  phosphate  mixtures  of  blood*  re- 
action (p„  =  7.4)  led  to  a  slight  increase  in  the  titrable  add  and  to  a 
distinct  diminution  in  ammonia  excretion.  The  A/NHj  ratio  was  con- 
siderably above  normal  limits. 

These  findings  may  be  taken  to  explain,  in  part,  at  least,  the  low 
excretion  of  ammonia  in  the  acidosis  of  nephritis,  it  having  been  previ- 
ously demonstrated  that  this  condition  is  accompanied  by  a  retention 
of  acid  phosphate. 

The  movements  of  the  artery  loithin  the  compression  chamber  during  indi- 
rect estimations  of  the  blood  pressure.  Joseph  Erlanger. 
This  report  is  based  mainly  upon  records  (made  with  the  aid  of  a 
compression  chamber  applied  to  the  dog's  femoral  artery)  Reproducing 
the  movements  of  the  walls  of  the  artery  within  the  compression  cham- 
ber. The  records  made  during  steady  decompression  show  that  the 
pulse  does  not  penetrate  the  full  length  of  the  compressed  arter>'  when 
it  first  enters  it;  rather  the  penetration  depth  increases  at  the  rate  of  1 
cm.  per  pressure  decrement  of  2  mm.  Hg.  Once  blood  has  entered  the 
artery  there  is  not  time  enough  between  pulses  for  the  artery  to  com- 
pletely empty  itself.  This  residue  of  blood  increases  rapidly  at  first 
until  a  thickness  of  about  0.08  to  0.24  mm.  is  attained,  then  more 
slowly  if  at  all,  and  again  more  rapidly  and  at  an  accelerating  rate  be- 
fore the  fourth  sound-phase  begins.  This  changes  to  a  retarding  rate 
of  increase  with  the  first  of  the  fourth  soimd-phase  pulses,  because  the 
artery  at  this  tune  fails  to  collapse  during  diastole  beyond  its  full  but 
undistended  size.  During  the  whole  of  the  first-to-fourth  sound-phase 
the  pulse,  especially  in  the  lowermost  parts  of  compressed  artery,  shows 
a  pre-anacrotic  negative  wave.  This  wave,  as  demonstrated  by  other 
methods,  develops  when  a  pulse  passes  through  a  localized  compres- 
sion constriction  of  a  tube.  It  disappears  when  the  tube  is  no  longer 
constricted  below  its  full  but  undistended  size.  The  first  soimd-phase 
begins  shortly  after  the  pulse  penetrates  beyond  the  lowermost  parts 
of  the  compressed  artery;  the  fourth  sound  phase,  at  the  instant  dur-* 
ing  diastole  the  artery  fails  to  pass  belovv  its  stretched  size.  The  be- 
havior of  the  anacrotic  Umb  of  the  pulse,  as  well  as  certain  other  phe- 
nomena, furnishes  evidence  in  support  of  the  water  hammer  theory  of 
sound  production.  The  anacrotic  Umb  varies  in  such  a  way  as  to  ac- 
coimt  for  the  sounds  of  the  first,  third  and  fourth  phases.  The  eleva- 
tion of  the  crest  of  the  pulses  increases  rapidly  at  first,  then  more 
slowly,  and  again  very  rapidly  as  the  fourth  sound-phase  is  approached. 
The  last  rapid  increase  is  mainly  the  result  of  the  damming  back  of 
blood.  The  amplitude  of  oscillation  at  any  point  on  the  artery  is  given 
by  the  difference  between  the  systoUc  and  diastolic  levels.     The  oscil- 
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lation  curves  have  the  usual  form,  but  the  sudden  diminution  in  am- 
plitude usually  seen  at  diastolic  compression  is  exhibited  best,  some- 
times only,  by  the  middle  region  of  the  compressed  artery. 

The  veno-pressor  mechanism,    Yandell  Henderson. 

By  the  veno-pressor  mechanism  I  mean  a  third  factor  in  the  circu- 
lation which  regulates  the  venous  return  to  the  right  heart — ^the  heart 
and  the  control  over  the  arterioles  by  the  vaso-motor  nervous  system 
being  the  other  two.  The  following  experiments  throw  some  light  on 
its  nature.  When  the  intestines  are  traiunatized,  either  mechanically, 
or  with  mustard  oil,  the  efferent  vessels  (mesenteric  veins)  contract 
and  dam  the  blood  back  in  the  tissues,  thus  producing  congestion  and 
decreasing  the  return  of  the  blood  to  the  heart.  This  occurs  equally 
well  after  section  of  the  splanchnics.  It  is  the  essential  feature  of  cir- 
culatory failure  in  experimental  shock.  The  phenomenon  is  essentially 
the  first  stage  of  inflammation  and  is  possibly  related  to  the  observa- 
tions of  Ninian  Bruce  on  this  matter.  The  same  mechanism  is  affected 
by  forced  breathing  in  a  normal  man,  as  can  be  demonstrated  when 
venous  pressure  is  determine  with  the  subject  lying  head  down  at 
an  angle  of  30°.  The  measurement  of  venous  pressure  in  this  posi- 
tion renders  the  estimation  of  this  important  fimction  feasible  to  an 
extent  otherwise  imattainable,  especially  when  as  in  sickness  the  ve- 
nous return  to  the  heart  is  diminished. 

The  effect  of  pneumothorax  in  the  dog  and  cat,    H.  C.  Jackson  and 

Chas.  J.  Imperatori. 

By  pneumothorax  in  the  dog  and  cat  we  mean  a  double  pneumothorax. 
Single  pneumothorax  with  the  existing  apparatus  and  our  present  meth- 
ods is  impossible  to  obtain.  It  would  seem  that  some  observers  are  of 
the  opinion  that  there  is  a  natiwal  or  anatomical  opening  between  the 
two  pleural  cavities.  Repeated  dissections  done  on  dogs  but  mostly  on 
cats  seem  to  show  that  there  is  no  natural  or  anatomical  commimica- 
tion.  Test  animals  were  bled  to  death  and  then  immediately  fixed  in 
formalin  solution. 

Methods  of  inducing  pneumothorax  were,  (a)  by  puncture  of  the 
chest  wall,  or  (b)  by  punctiu-e  of  the  Itmg  from  within  a  bronchus,  thus 
gaining  entrance  to  the  pleural  cavity.  Practically  all  the  work  was 
done  by  puncture  through  a  bronchus. 

Immediately  following  puncture  the  animal  shows  signs  of  embar- 
rassed respiration  and  is  dead  in  from  two  to  four  minutes  from  what 
might  be  termed  a  very  rapid  asphyxia. 

Animals  that  were  punctured  from  within  the  bronchus  died  more 
rapidly  than  those  in  which  the  chest  wall  was  punctured.  The  nor- 
mal negative  pressure  in  both  pleural  cavities  after  puncture  inunedi- 
ately  becomes  positive.  There  docs  not  seem  to  be  any  appreciable 
interval  of  time  between  the  change  from  negative  to  positive  pressure 
on  the  side  not  punctured.  Autopsy  findings  were  collapse  of  both 
lungs  regardless  of  which  side  was  punctured. 
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Post  mortem  examinations  all  showed  a  collapsed  condition  of  both 
limgs  and  a  rupture  of  the  pleural  septum  just  behind  the  sternum, 
either  a  tearing  of  it  or  in  the  majority  of  instances  a  sort  of  peppering 
of  this  septum  with  small  holes. 

Simultaneous  collapse  of  both  limgs  by  the  careful  use  of  fluids,  col- 
ored fluid  being  used  on  one  side,  resulted  in  the  colored  fluid  remain- 
ing in  its  side  and  in  death  from  asphyxia.  But  if  the  animal  made 
violent  efforts  at  respiration,  a  rupture  of  the  septum  invariably  re- 
sulted. It  might  be  of  interest  to  note  that  those  animals  where  the 
lung  was  punctiu^  by  the  bronchoscope  and  air  admitted  to  the  pleu- 
ral cavities,  and  who  were  rapidly  becoming  asphyxiated,  could  be 
resuscitated  by  puncturing  the  chest  wall.  By  closing  this  opening 
in  the  chest  wall  they  could  again  be  asphyxiated;  this  procedure  could 
be  repeated  many  times,  that  is,  alternately  asphyxiating  and  resusci- 
tating the  animal. 

Pneumothorax  and  the  subsequent  collapse  produce,  as  it  were,  a 
clamping  off  of  the  pulmonary  vessels  and  a  rapid  asphjrxiation. 

Effects  of  physical  training  on  pulse  and  blood  pressures  during  activity 

and  during  rest.    Percy  M.  Dawson. 

The  subject  of  these  studies  is  the  writer.  The  periods  of  observa- 
tion were  two  to  three  months  long,  one  period  being  in  each  of  the 
years  '14,  '15  and  '16.  During  these  periods  blood  pressure  and  pulse 
rate  determinations  were  made  from  four  to  seven  times  a  day.  Only 
four  series  of  these  observations  are  included  in  this  paper,  namely, 
those  made  on  rising,  at  noon,  in  the  late  afternoon,  before  retiring. 
The  auscultatory  method  was  used  in  blood  pressure  determinations, 
four  to  ten  readings  being  taken  on  each  occasion  and  the  average  be- 
ing then  computed.  In  '14  the  subject  frequently  ran  three  miles;  in 
'15  he  performed  gymnastic  exercises;  in  '16  played  tennis.  It  was 
therefore  possible  to  study  the  effect  of  physical  exercise  on  the  resting 
pulse  and  blood  pressure  and  also  upon  the  cardio-vascular  reaction 
to  standard  physical  tests  (cycle  ergometer).  The  following  are  the 
more  important  results. 

Resting  pulse  rate  is  decreased  especially  in  '14  and  '16,  and  the 
extent  of  the  diurnal  variation  is  decreased. 

Resting  blood  pressure  observations  are  most  complete  in  '16.  They 
show  that  both  pressures  are  increased  on  rising  and  in  the  evening, 
both  fall  at  noon  but  in  the  afternoon  the  rise  in  systolic  pressure  is  ac- 
companied by  a  fall  in  the  diastoUc.  The  diurnal  variations  are  de- 
creased but  suffer  no  qualitative  change. 

Restmg  pulse  pressure  is  increased  in  all  cases. 

Resting  pp  X  pr  is  affected  neither  conspicuously  nor  constantly. 

The  effects  of  several  weeks  of  systematic  exercise  upon  the  blood 
pressure  reaction  to  physical  tests  (cycle  riding)  are  these:  (1)  the  sys- 
toUc  pressure  rises  much  higher  (cf.  170  and  206);  (2)  the  diastolic 
after  a  short  rise  falls  to  or  below  normal  before  the  completion  of  the 
test;  (3)  the  pulse  pressure  is  much  greater  (cf.  62  and  114);  (4)  the 
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pp  X  pr  is  greatly  increased  (cf .  6820  and  12540) ;  (5)  the  after  effects 
(negative  phase  and  fail  in  diastoUc  pressure)  are  considerably  reduced. 

K  the  untrained  subject  performs  two  cycle  tests  with  a  day  of  rest 
between  them,  the  first  ride  is  seen  to  modify  very  greatly  the  cardio- 
vascular reaction  to  the  second  ride.  This  has  been  studied  only  in 
the  period  immediately  following  the  exercise.  We  then  see  a  higher 
systolic,  a  lower  diastolic,  an  increased  pulse  pressure  (cf.  46  and  60) 
an  increased  pp  X  pr  (cf.  5980  and  7800). 

Dining  the  period  of  observation  the  subject  caught  "cold"  twice, 
once  before  and  once  after  the  period  of  training.  To  the  subject  the 
two  infections  seemed  to  be  identical  in  character,  duration  and  sever- 
ity. The  only  objective  sign  on  both  occasions  was  the  increase  in 
pulse  rate.  The  maximum  in  the  first  case  was  86  and  in  the  second 
69. 

Some  electrical  phenomena  of  animnl  tissties.     Robert  Gesell. 

Renal  electrical  variations  Were  studied  during  sodium  sulphate  and 
"saline"  diuresis.  Though  the  details  of  the  deflection  varied  the  usual 
result  was  in  each  case  increased  negativity  running  roughly  parallel 
with  the  secretion. 

Certain  exceptions — such  as  reversal  of  the  electrical  variation,  the 
occurrence  of  electrical  variations  though  no  noticeable  change  in  re- 
nal activity  occurred,  and  the  production  of  copious  diuresis  unaccom- 
panied by  marked  electrical  variations  pointed  out  difficulties  in  the 
interpretation  of  secretion  by  means  of  the  accompanying  electrical 
changes.  The  problem  temporarily  resolved  itself  rather  into  the  in- 
terpretation of  the  electrical  changes  than  the  interpretation  of  secre- 
tion by  electrical  changes. 

Of  the  tissues  studied,  with  the  exception  of  the  testicle,  decreased 
blood  supply  produced  a  decreased  negativity.  In  the  case  of  the  saU- 
vary  glands,  two  results  were  obtained,  following  pilocarpin  injection. 
If  the  saUvary  secretion  was  accompanied  by  increased  negativity,  de- 
creased blood  supply  produced  the  usual  decreased  negativity.  If  the 
secretion  was  accompanied  by  a  reversal  of  the  usual  electrical  varia- 
tion, decreased  blood  supply  produced  increased  negativity. 

The  data  from  the  use  of  adrenin,  pilocarpin  and  direct  stimulation 
of  nerves  as  yet  are  not  sufficient  for  reaching  a  generalization  concern- 
ing the  electrical  effect  of  sympathetic  and  autonomic  stimulation. 

The  electrical  variation  of  the  submaxillary  gland  of  the  dog  pro- 
duced l>y  faradic  stimulation  of  the  chorda  tympani  showed  four  com- 
ponents which  to  a  certain  extent  were  under  experimental  control. 
The  first  component  was  produced  by  a  short  weak  stimulation.  The 
second  component  was  added  by  a  stronger  stimulation  and  the  third 
by  a  still  stronger  or  longer  stimulation.  The  fourth  component  seems 
to  vary  with  the  intensity  of  stimulation. 

Obstruction  of  the  salivary  duct  just  prior  to  stimulation  of  the 
chorda  tympani  changes  the  contour  of  the  deflection. 

If  all  the  components  of  the  electrical  variation  produced  by  stimu- 
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lation  of  the  chorda  tympani  were  present  during  secretion  produced  by 
the  injection  of  pilocarpin  they  were  fused  into  a  smoother  curve. 

Obstruction  of  the  salivary  duct  during  secretion  following  injection 
of  pilocarpin  produced  a  marked  deflection,  so  did  release  of  the  obstruc- 
tion. 

Injection  of  atropin  after  effective  pilocarpin  Injection  produced  a 
sudden  decrease  of  the  original  deflection  with  stoppage  of  secretion. 

Stimulation  of  the  chorda  tympani  after  injection  of  atropin  suflBcient 
to  stop  or  prevent  a  noticeable  secretion  still  produced  a  small  electrical 
variation.  A  method  was  devised  for  recording  electrical  variations  on 
smoked  paper. 

Experiments  on  the  relation  of  blood  pressure  to  urine  formation,    A.  N. 

Richards  and  0.  H.  Plant. 

By  a  method  previously  described^  rabbits'  kidneys  were  perfused 
with  hirudinized  blood  imder  conditions  which  not  only  permitted  the 
regulation  and  meastirement  of  blood  flow  through  the  organ,  but  also 
prevented  alterations  in  blood  flow  as  a  result  of  changes  in  resistance 
in  the  renal  circulation.  Keeping  blood  flow  constant,  increase  of  blood 
pressure  in  the  renal  circulation  by  (1)  partial  obstruction  of  the  renal 
vein;  (2)  stimulation  of  the  splanchnic  nerve;  or  (3)  injection  of  adrena- 
lin was  found  to  increase  urine  elimination. 

Evidence  was  presented  which  indicates  that  adrenalin  causes  con- 
striction of  the  efferent  vessel  of  the  glomerulus  and  therefore,  under 
the  conditions  of  these  experiments,  causes  increase  in  pressure  in  the 
glomerular  capillaries.  For  the  volume  of  the  kidney,  perfused  at  a 
constant  rate,  may  show  no  change  or  may  xmdergo  increase  after  the 
injection  of  amoimts  of  adrenalin  which  cause  marked  constriction  of 
its  vessels  as  shown  by  rise  of  pressure  in  the  renal  artery;  whereas  the 
forelimb  or  a  loop  of  intestine,  perfused  under  identical  conditions,  in- 
variably decreased  in  volume  after  any  dose  of  adrenalin  which  caused 
constriction  of  its  vessels.  This  fact  is  taken  to  mean  that  a  passive 
distension  of  the  glomeruli  results  from  constriction  of  the  vasa  effer- 
entia  which  is  great  enough  to  prevent  shrinkage  of  the  kidney. 

The  fate  of  phenolsulfonephthalein  when  injected  into  the  animal  organism; 
•  factors  other  than  the  kidney  influencing  its  retention,  E.  C.  Kendall. 
Phenolsulfonephthalein  may  be  destroyed  within  the  animal  organism 
by  being  reduced.  When  once  reduced,  it  is  not  possible  to  reoxidize 
the  substance  within  the  body  to  its  original  color.  Blood  fully  oxy- 
genated and  reduced  will  not  destroy  phenolsulfonephthalein.  There- 
fore, the  destruction  is  caused  by  a  reducing  substance  within  the 
tissues  and  not  within  the  blood.  The  oxygen  of  the  blood  is  sufficient 
to  fully  meet  the  demands  of  the  reducing  action  of  the  tissues,  and 
will  prevent  a  destruction  of  the  dye.  As  high  as  98  per  cent  may  be 
recovered  during  a  continuous  injection  of  the  substance  provided  ^u- 
cose  is  the  substance  being  metabolized.     When  amino  acids  and  fats  are 

^  Journ.  Pharm.  and  Exper.  The  rap.,  1915,  vii,  488. 
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being  metabolized,  the  amount  recovered  may  be  much  less.  Funda- 
mentally, the  phthalein  test  measures  the  relation  between  the  supply 
of  oxygen  of  the  blood  and  the  reducing  power  of  the  tissues. 

F&ctors  other  than  the  kidney  which  influence  its  so-called  retention 
are  poor  oxygen-canying  capacity  of  the  blood,  sluggish  circulation, 
improper  aeration  by  the  lungs,  and  any  other  factor  which  produces 
asphyxia  or  a  condition  of  acidosis. 

The  action  of  diuretics  on  the  denervated  kidney.    William  C.  Quinby. 

That  the  plexus  of  nerves  going  to  the  kidney  has  a  marked  vaso- 
motor function  is  everjrwhere  admitted.  Besides  this  action,  how- 
ever, certain  observers  have  claimed  that  some  of  these  nerves  were  of 
specific  secretory  function.  By  others  this  has  been  denied.  Certain 
investigators  attempt  to  show  that  the  vagus  carries  such  secretory 
fibers  to  the  kidney,  while  others  attribute  such  to  the  splanchnics. 

The  diflSculty  in  reaching  a  conclusion  on  the  subject  has  been  in 
the  main  due  to  two  causes.  In  the  first  place,  stimiUation  or  section 
of  vagus  or  splanchnic  causes  such  marked  vasomotor  changes  that  any 
possible  secretory  effects  are  easily  overshadowed;  in  the  second  place, 
the  operation  '^ch  attempts  the  division  of  the  plexus  of  nerves  at 
the  renal  pedicle  has  given  inconclusive  results  because  of  the  tmcer- 
tainty  that  all  the  nerves  were  cut. 

To  meet  this  difiSculty  it  was  determined  to  study  the  fimction  of  a 
kidney  which  had  been  removed  from  the  body  and  subsequently  re- 
stored to  its  normal  circulation  by  means  of  suture  of  the  blood  ves- 
sels. In  this  way  it  is  possible  to  be  sure  that  the  kidney  is  freed  from 
all  nerve  control,  for  a  time  at  least. 

The  results  of  this  portion  of  the  work  have  been  reported  in  the 
Journal  of  Experimental  Medicine  for  April,  1916. 

By  transverse  incision  a  dog's  kidney  was  made  accessible.  After 
being  surroimded  by  silk  clothsi  impregnated  with  liquid  vaseline,  the 
structures  forming  the  pedicle  of  the  organ  were  cut,  and  the  kidney 
removed  from  the  body.  A  suture  of  artery,  vein  and  ureter  was  then 
made,  by  which  the  circulation  was  restored  after  an  interruption  of 
about  one  hour,  At  varying  periods  after  this  operation  the  function 
of  the  Iddnej^  was  studied  by.  comparing  it  with  that  of  the  intact 
kidney. 

The  result  obtained  from  this  series  of  observations  showed  that  the 
function  of  the  reimplanted  kidney  was  greater  than  normal  during 
the  days  immediately  following  operation  until  about  two  weeks  had 
passed,  when  it  was  found  normal. 

These  observations,  together  with  the  fact  that  it  has  been  repeatedly 
possible  for  a  single  reimplanted  kidney  to  maintain  normal  existence 
of  the  dog  after  removal  of  the  kidney  on  the  other  side,  tend  strongly 
to  exclude  the  existence  of  any  specific  secretory  nerve  fibers. 

In  this  present  communication  the  action  of  diuretics  on  such  a  re- 
implanted kidney  has  been  studied.  As  examples  of  the  three  types 
of  diuretics,  sodium  chlorid  in  hypertonic  solution,  urea,  and  caffein 
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or  diuretin  were  used.  It  is  possible  that  such  diuretics  as  do  not 
cause  increase  of  general  blood  pressure  may  act  by  stimulation  of  se- 
cretory nerves  if  we  suppose  such  to  exist. 

In  order  to  register  the  action  of  the  injected  substances  the  kidney 
was  placed  in  an  oncometer  of  the  type  designed  by  Roy,  and  by  it 
changes  in  the  volume  of  the  organ  were  recorded  on  the  kjrmograph. 
Observations  of  flow  from  the  cut  ureter  of  this  kidney  were  also  made. 

A  series  of  observations  was  first  recorded  from  normal  animals, 
after  which  the  same  method  was  appUed  to  those  bearing  a  reimplanted 
kidney. 

It  was  found  that  the  type  of  reaction  shown  by  the  normal  and  re- 
implanted  kidney  is  practically  identical  for  the  same  diuretic. 

Here  again,  then,  as  in  the  series  of  observations  already  reported, 
we  are  imable  to  find  any  evidence  of  abnormality  on  the  part  of  the 
reimplanted  kidney,  its  response  to  diuretics  being  the  same  as  that  <rf 
the  intact  organ.  In  other  words,  the  reimplanted  kidney  shows  no 
evidence  of  loss  of  any  possible  secretory  nerve  influence. 

On  the  movements  of  the  isolated  ureter  of  the  dog.    George  B.  Roth. 

It  was  found  that  longitudinal  segments  and  strips,  as  well  as  ring 
preparations  of  the  kidney-,  middle-  and  bladder-third  of  the  isolated 
xireter  of  the  dog  could  be  made  to  beat  rhythmically  for  many  hours 
when  placed  in  oxygenated  Locke's  solution  which  had  a  H-ion  concen- 
tration of  8.3. 

Two  types  of  contractions  were  seen  in  most  experiments,  namely, 
large  and  small.  These  types  were  produced  not  only  by  segment 
preparations  but  also  by  the  strip  preparations  in  which  the  circular 
fibers  were  cut,  so  that  both  types  are  apparently  due  to  the  longitudi- 
nal fibers.  The  large  type  contractions  consume  about  one  and  one- 
half  to  four  seconds  in  contracting  and  from  seven  to  seventeen  seconds 
in  relaxing.  The  small  type  may  be  more  sluggish  anid  sometimes  re- 
quire six  to  eight  seconds  for  contraction;  relaxation  requiring  twenty 
to  thirty  seconds.  The  small  type  contractions  predominated  in  the 
kidney-third;  while  in  the  middle-  and  bladder-third  the  large  type  were 
most  frequently  found.  Relaxation  which  was  independent  of  contrac- 
tion was  seen  in  a  few  experiments  iA  which  kidney  segments  were 
used. 

The  rate  of  the  contractions  in  the  various  parts  of  the  ureter  varies 
from  4  to  50  in  ten  minutes.  In  any  segment  the  contractions  are  rela- 
tively infrequent  at  first  and  later  become  more  frequent.  The  am- 
pUtude  of  the  contractions  also  varied;  as  a  rule  segments  from  the  mid- 
dle- and  bladder-third  contracted  more  vigorously  than  those  from  the 
kidney-third. 

Epinephrine  and  barium  were  shown  to  stimulate  all  parts  of  the 
ureter.  This  was  shown  by  an  increase  in  the  tonus,  rate  and  ampli- 
tude of  the  beating  segments.  After  apocodeine  the  epinephrine  ef- 
fect is  abolished  or  lessened;  while  the  response  to  barium  is  prac- 
tically normal,  thus  indicating  that  autonomic  nerve  endings  are  present 
throughout  the  ureter. 
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Apocodeine  first  stimulated  then  depressed  ureteral  activity.  Co- 
caine and  novocaine  produced  stimulation. 

Monobasic  acid  sodium  phosphate  caused  depression  of  ureteral  move- 
ment, which  could  be  coimteracted  by  the  ad(Ution  of  small  amoimts  of 
sodium  bicarbonate. 

The  stimulating  action  of  the  bromide-ion  on  smooih  muscle.    Theo.  K. 

Kruse. 

Experiments  were  made  on  isolated  strips  of  intestines  of  the  cat 
and  dog.  Other  types  of  smooth  muscle  were  also  studied  such  as  the 
oesoph^us,  stomach,  intestines  of  a  frog  and  turtle  and  of  the  oviduct 
of  a  turtle.  The  usual  suspension  technic  for  smooth  muscle  was  used. 
The  chloride  salts  of  a  Ringer's  solution  were  replaced  by  the  corre- 
sponding bromide  salts.  The  action  of  a  chloride  and  a  bromide  Ring- 
er's solution  on  smooth  muscle  was  compared. 

The  results  of  the  investigation  may  be  smnmarized  in  the  following 
manner: 

1.  The  action  of  the  bromide-ion  is  stimulative  in  nature.  This 
stimulation  falls  on  tone,  amplitude  and  rate.  The  change  in  tonicity 
is  the  more  constant  reaction. 

2.  When  two  strips  are  set  up  at  the  same  time  in  each  solution,  the 
one  in  the  bromide  solution  usually  responds  first. 

3.  With  no  preexisting  rhythm  in  a  chloride  bath,  rhythmicity  is 
frequently  induced  by  changing  the  strip  to  a  bromide  bath.  If  at 
this  time,  it  should  be  changed  back  to  the  chloride  bath,  the  rhythm 
may  again  be  abolished. 

4.  A  strip  of  low  or  decreased  activity  responds  with  greater  tone 
changes  than  does  a  rfiythmic  strip.  This  seems  to  be  associated  with 
tissue  oxidation. 

5.  Frogs  are  less  responsive  to  these  reactions  than  are  the  mammals. 

6.  Frequently  a  regularizing  influence  is  observed  during  the  bromide 
appUcation. 

7.  An  attempt  has  been  made  to  associate  these  reactions,  in  part, 
to  changes  in  tissue  respiration. 

The  physiology  of  the  chromatophores  of  fishes.  II.  Responses  to  alkaline 
earths  and  to  certain  neutral  combinations  of  electrolytes.  R.  A.  Spaeth. 
In  dilute  sea-water  the  melanophores  of  Fundulus  remain  expanded 
for  some  hoims.  The  individual  salts  of  sea-water,  however,  with  the 
single  exception  of  NaCl,  cause  a  contraction  of  the  melanophores. 
The  effects  of  various  combinations  of  the  salts  of  sea-water  and  the 
chlorides  of  Sr  and  Ba  have  been  studied. 

CaCU  is  a  less  effective  contracting  stimulus  than  is  KCl  both  in 
pure  solutions  and  combined  with  NaCl.  In  comparing  the  effects  of 
CaCli  and  NaCl  upon  the  KCl  contraction  it  appears  that  CaClj,  itself 
a  contracting  salt,  increases  the  time  of  the  KCl  contraction  more  than 
does  an  equivalent  amoimt  of  NaCl.  The  addition  of  a  relatively 
smaU  quantity  of  CaCU  to  a  contracting  mixture  of  NaCl  and  KCl 
(Na:K  =  5: 1)  prevents  the  normal  contraction.    Since  the  normal 


Digitized  by 


Google 


696  AMERICAN   PHYSIOLOGICAL   SOCIETY 

contraction  is  undoubtedly  due  to  KCi,  the  CaCU  inhibits  the  action  of 
the  KCi.  If  the  CaCU  is  added  after  contraction  has  occurred,  the 
melanophores  promptly  expand.  Thus,  in  this  case,  the  addition  of  a 
contracting  salt  actually  produces  an  expansion  of  the  melanophores. 
CaCla  inhibits  the  KCI  effect  bnly  to  an  optimum  concentration.  The 
addition  of  further  CaCU  produces  a  more  and  more  rapid  contraction. 
A  comparison  of  the  inhibitory  action  of  CaCt,  MgCU,  and  MgSOi 
shows  that  they  are  effective  in  the  order  named. 

Comparative  studies  upon  the  effects  of  the  chlorides  of  Ba,  Sr,  Ca 
and  Mg  have  shown  that  as  regards  the  speed  of  the  initial  contrac- 
tion, the  liminal  concentration  for  the  inhibition  of  the  KCI  contrac- 
tion, the  tune  required  for  complete  recovery  and  the  toxicity,  the 
order  is 

Ba  >  Sr  >  Ca  >  Mg 

The  recovery  from  Ba  is  peculiar  in  initiating  a  pulsation  of  the  melano- 
phores. By  means  of  the  methods  described  in  previous  pubUcations, 
aU  of  the  above  results  have  been  graphically  represented  and  will 
appear  shortly  in  a  detailed  publication. 

The  abaorption  of  fat  in  partially  and  in  completely  depancreatized  dogs. 

Charles  W.  McClure,  Beth  Vincent  and  Joseph  H.  Pratt. 

It  was  foimd  that  dogs  with  a  subcutaneous  pancreatic  transplant 
secreting  and  discharging  pancreatic  juice  externally  absorbed  no  more 
fat  than  a  dog  in  which  the  pancreatic  remnant  was  xmdergoiog  rapid 
atrophy  and  sclerosis.  Hence,  the  condition  of  the  pancreatic  tissue 
remaining  in  the  body  does  not  influence  the  amount  of  fat  absorbed 
by  the  intestine. 

The  absorption  of  fat  by  the  intestinal  mucous  membrane  is  always 
markedly  disturbed  when  the  pancreatic  secretion  is  excluded  from  the 
intestine. 

After  the  complete  removal  of  all  pancreatic  tissue  from  an  animal, 
the  absorption  of  considerable  amoimts  of  fat  can  still  take  place. 

Absorption  experiments  were  made  on  three  completely  depancrea- 
tized dogs.  The  fat  absorption  ranged  from  17.^  per  cent  to  45.6  per 
cent;  the  amount  absorbed  from  19.8  grams  to  179.4  grams;  the  amount 
per  kilo  of  body  weight  from  1.7  grams  to  17.9  grams. 

The  visible  structure  of  cell  protoplasm  and  death  changes.    Robert 
Chambers,  Jr. 

1.  This  paper  deals  with  results  obtained  on  dissecting  living  cells 
under  high  powers  of  the  microscope  by  means  of  fine  glass  needles 
held  in  Barber's  mechanical  pipette  holder. 

2.  Protoplasm  is  a  hydrophyllic  colloid  which,  in  cells  such  as  early 
germ  cells,  egg  cells  and  protozoa,  usually  exists  in  the  sol  state  with  a 
surface  layer  in  the  gel  state.  Adult  somatic  cells  generally  are  gpls  in 
which  one  can  not  demonstrate  a  cell  membrane  possessing  a  con- 
sistency different  from  that  of  the  cytoplasm  within. 
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3.  The  microscopically  visible  granules  in  the  cytoplasm  of  the  egg 
of  Arbacia  may  be  classified  into  two  types:  (a)  The  microsomes,  which 
are  considerably  less  than  1  micron  in  diameter  and  constitute  the  most 
resistant  parts  of  the  cell  maintaining  themselves  after  complete  dis- 
organization of  the  cell,  (b)  the  macrosomes,  '^diich  range  from  1  to  4 
micra  in  diameter  and  are  extremely  sensitive  to  injury. 

4.  The  external  surface  of  the  egg  cell  is  a  gel  which  passes  gradually 
into  the  sol  in  the  interior.  The  siuface  gel  is  very  extensile  and  con- 
tractile and  is  readily  regenerated  on  injury.  Tearing  of  this  surface, 
if  unrepaired,  results  in  the  pouring  out  of  the  internal  cytoplasm  and 
dissolution. 

5.  A  remarkable  property  of  protoplasm  is  its  ability  to  form  a  pro- 
tective gel  film  not  only  on  its  external  surface  but  also  aroimd  an 
injured  area  which  is  in  the  process  of  disorganization.  The  disorgan- 
ized mass  thus  insulated  is  eventually  expelled  from  the  cell. 

6.  A  continuous  but  gradual  appUcation  of  mechanical  injiuy  can  be 
sustained  by  a  cell  for  some  time  without  evidence  of  harm  done.  A 
short  but  rapid  appUcation  produces  instant  local  destruction,  the 
spread  of  which  may  involve  the  entire  cell. 

7.  Injiuy  is  accompanied  by  a  swelling  and  an  apparent  increase  in 
the  acid  reaction  of  tiie  part  involved. 

8.  Disorganization  of  the  cytoplasm  of  the  egg  cells  studied  takes 
place  in  the  following  way:  first,  the  megasomes  swell  and  go  into 
solution;  and  second,  the  Uquid  hyaline  cytoplasm  may  flow  out  and 
disappear  in  the  surroimding  water  or  it  may  suddenly  set,  forming  a 
rigid  coagulated  mass.  The  coagulation  structure  gradually  coarsens 
with  the  production  of  a  network  or  granular  precipitate. 

The  effect  of  a-amino  adds  and  peptones  on  the  growth  of  cells  in  vitro, 
Clarence  A.  Neymann  and  Montrose  T.  Burrows. 
The  observations  recorded  were  noted  diuing  a  series  of  studies  di- 
rected towards  finding  an  artificial  mediiun  for  cultivating  cells  in 
vitro.  In  the  tissue  cidture  the  nutrient  materials  for  the  growing  cells 
are  derived  from  the  cells  disintegrating  in  the  centre  of  the  fragment 
of  tissue.  The  cult\u*e  reaction  is  none  other  than  a  transfer  of  mate- 
rials from  these  cells  in  a  less  favorable  environment  to  the  growing 
cells  on  the  periphery  of  the  fragment  which  are  in  a  more  favorable 
environment.  Previous  evidence  had  given  rise  to  the  belief  that  the 
body  cells  are  fluid-like  structures.  They  are  tmable  by  themselves  to 
break  down  complex  substances  and  to  build  the  products  thus  liber- 
ated into  their  own  protoplasm.  Growth  in  these  cells  is  a  reaction 
between  themselves  and  a  specificaUy  organized  mechanical  and  chemi- 
cal environment.  It  is  a  differential  surface  tension  reaction.  There 
is  a  definite  period  for  the  growth  of  cells  about  a  given  fragment  which 
has  been  placed  in  a  medium  of  blood  plasma.  Transplanting  fragments 
every  three  days,  we  can  predict  the  number  of  transplants  in  which 
growth  may  be  observed.  This  differs  with  different  tissues. 
We  tried  the  effect  on  this  reaction  of  the  addition  of  carbohydrates. 
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fats,  peptones  and  a-amino  acids  to  the  medium.  Fragments  of  heart 
muscle  and  skin  of  chick  embryos  and  foetal  chickens  were  the  tissues 
used.  They  were  planted  in  plaOTia,  prepared  from  the  blood  of  adult 
chicken.  The  ad(Ution  of  carbohydrates  and  fats  had  no  effect  of 
present  interest.  The  addition  of  a  2.5  per  cent  isotonic  solution  of 
peptones  prepared  from  the  yolk  of  eggs  had  no  effect.  The  addition 
of  an  isotonic  solution  of  a  mixture  of  a-amino  acids,  prepared  by  hy- 
drolizing  egg  yolk  proved  toxic.  Fearing  this  toxicity  might  be  due  to 
the  method  of  preparation  we  tried  the  addition  of  isotonic  solutions 
of  the  individual  a-amino  acids.  These  have  also  proved  to  be 
toxic  when  used  in  certain  concentrations.  The  cells  of  young  embryDS 
are  killed  after  a  few  days'  growth  in  the  first  culture.  The  cells  of 
older  embryos  and  foetal  chickens  are  more  resistant  but  they  are 
killed  after  a  few  transplants.  Lower  dilutions  also  inhibit  the  growth 
and  eventually  kill.  At  first,  however,  they  show  slight  stim\dation. 
This  is  a  fimctional  rather  than  a  growth  stimulation.  Fragments  of 
heart  muscle  were  used.  The  stimulation  is  noted  by  the  active  con- 
traction of  the  fragment. 

Muscular  Irritability.    C.  C.  Guthrie. 

The  studies  were  made  on  skeletal  muscle-nerve  preparations  of 
frog,  and  heart  tissues  of  frog  and  terrapin.  Possible  technical  errors 
were  controlled. 

Augmerdaiion.  Strong  stimulation  increases  response  of  skeletal 
muscle  to  subsequent  single  stimuU.  In  magnitude,  the  increase  may 
be  hundreds  of  per  cent.  The  period  of  increased  response  varies 
with  strength  and  degree  (rate,  and  strength  of  stimuli),  and  with  the 
state  of  the  preparation.  The  phenomenon  is  evoked  only  when  cer- 
tain relationships  between  state  of  tissue,  and  strength  and  rate  of 
stimulation  are  reaUzed.  The  effects  are  obtained  when  all  stimuli 
are  appUed  either  to  nerve  or  muscle,  or  alternately  to  the  two,  i.e., 
tetanizing  muscle  directly  and  then  stimidating  nerve  with  single 
stimuli,  or  vice  versa.  Other  evidence  that  nerve  terminations  may 
contribute  to  the  effect  was  presented. 

Depression.  Stimxili  applied  to  heart  during  the  absolute  refractory 
period  may  cause  an  extension  of  the  refractory  period.  If  of  suitable 
strength,  and  if  such  stimuU  be  repeated  at  short  intervals,  a  further 
marked  extension  of  the  refractory  period  may  be  produced.  If  stimu- 
lation be  discontinued  for  a  short  time  and  then  a  single  stimulus  ap- 
plied, the  muscle  contracts.  This  phenomenon  may  be  observed  on 
isolated  ventricular  or  auricular  tissue  and  succeeds  «rfter  atropin,  so  it 
seems  to  be  independent  of  vagus  action.  Studies  with  natural  im- 
pulses were  included.  High  frequency  current  effects  on  skeletal 
muscle  give  evidence  of  an  extension  of  refractory  period.  Interpo- 
lated single  stimuU  also  depress,  but  quantitatively  the  effect  is  small. 

Discussion.  Underlying  fimdamental  processes  concerned  in  aug- 
mentation are,  no  doubt,  of  chemical  and  physico-chemical  character. 
Such  processes  may  result  in  increased  irritability;  increased  contractil- 
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ity;  slowing  in  muscular  relaxation;  participation  of  more  contractile 
elements,  due  (a)  to  increased  irritability,  (b)  facilitation  of  conduc- 
tivity; facilitation  of  summation;  a  participation  of  two  or  more  of  the 
above  factors. 

A  factor  probably  concerned  in  the  differences  observed  in  augmen- 
tation is  the  greater  preponderance  of  depressing  fatigue  effects  in  cer- 
tain instances.  It  seems  reasonable  to  infer  that  augmentation  of 
fimdamental  processes,  although  present,  may  be  obscured  by  such  fa- 
tigue influence,  since  our  method  of  judging  augmentation  is  the  alge- 
braic sum  of  two  or  more  effects.  Depressing  influences  more  directly 
associated  with  stimxiU  also  must  be  considered.  But  in  general,  it 
seems  best  to  consider  that  the  'differences  in  the  factors  are  more  of 
degree  than  kind.  Factors  latent  in  certain  conditions  may  become 
niMiifest  tmder  other  conditions.  Depression  is  probably  best  inter- 
preted by  giving  major  consideration  to  extension  of  refractory  period. 
A  tentative  classification  of  the  phenomena  was  suggested. 

Studies  in  muscular  power  and  fatigue,  A.  H.  Ryan  and  J.  H.  Agnew. 
The  work  reported  (on  man)  consists  of  (a)  a  new  instrument  for 
analyzing  the  tension  changes  occmring  when  a  muscle  is  contracted 
either  in  shortening  or  isometrically;  (b)  the  application  of  the  results 
obtained  to  a  critique  of  previous  methods;  (c)  a  new  machine  for 
measuring  muscular  power;  (d)  results. 

(a)  The  instrument  consists  of  a  pair  of  steel  springs  arranged  on  a 
frame,  in  such  a  way  that  the  muscular  contraction  produces  an  ex- 
pansion of  the  springs  which  moves  a  lever  over  a  row  of  brass  con- 
tacts set  in  fiber,  closing  electric  circuits.  Each  contact  is  accurately 
caUbrated  so  that  the  tension  cmre  can  be  determined. 

(b)  Tension  multipUed  by  time  has  been  taken  as  the  index  of  mus- 
cular performance.  When  the  tension-time  curve  is  compared  with 
the  work  curve  in  the  Mosso  method,  the  former  is  seen  to  imdergo  an 
irregular  increase  as  the  latter  decreases.  Minute  analysis  of  the  indi- 
vidual curves  shows  why  this  must  necessarily  occur  as  fatigue  comes 
on.  Such  analysis  also  casts  doubt  upon  the  importance  of  devices  for 
unloading  the  muscle  during  relaxation,  also  on  the  interpretation  of 
resxJts  obtained  with  Mosso's  ponomfitre.  The  Treves  and  isometric 
spring  methods  were  also  studied.  Mosso's  method  is  considered  to 
have  essential  faults  in  conception,  while  objections  are  raised  to  the 
other  methods  investigated. 

(c)  The  new  instrument  is  constructed  from  entirely  different  con- 
ceptions. Tension-time  is  taken  as  the  index  of  muscular  performance, 
but  the  muscular  performance  has  been  unified  by  an  arrangement  in 
which  the  weight  decreases  as  the  muscle  shortens,  in  a  manner  corre- 
sponding to  the  decrease  of  contractile  stress  of  the  muscle  (principle 
of  Pick's  cosine  lever).  The  end-point  is  definite,  and  unpleasant  sen- 
sations of  fatigue  are  absent.  Certain  associated  unconscious  move- 
ments were  also  measured,  for  the  purpose  of  throwing  some  Ughton 
the  course  of  the  voluntary  effort  imder  different  conditions. 
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(d)  Great  normal  variation  in  muscular  power  was  seen.  The  per- 
formance was  frequently  greater  in  the  evening  than  in  the  morning, 
and  frequently  very  high  after  a  loss  of  rest.  CJontrol  subjects  were 
used  in  studying  the  effect  of  bart)metric  pressure,  aiid  it  was  found 
that  their  curves  followed  different  courses;  and  that  no  relation  could 
be  established  between  barometric  level,  or  direction,  and  muscular 
performance.  The  performance  imder  caffein  was  much  greater  than 
the  low  or  average  level,  but  no  greater  than  the  high  level  of  normal 
muscular  performance.  The  greatest  caffein  effect  was  observed  four 
to  six  hours  after  administration  of  the  drug.  Results  obtained  in  the 
associated  movements  will  be  reported  later.  . 

A  comparison  of  the  amount  of  catalase  in  the  muscles  of  active  and  inac- 
tive animals,     W.  E.  Burge. 

A  comparison  of  the  catalase  content  of  the  leg  muscles  and  back 
muscles  of  active  wild  rabbits  and  inactive  tame  rabbits,  of  active 
gophers  and  inactive  rats,  of  active  ground  hogs  and  inactive  dogs,  was 
made.  A  comparison  was  also  made  of  the  catalase  content  of  the  leg 
and  breast  muscles  of  active  wild  pigeons  and  inactive  bantam  chick- 
ens. After  these  animals  had  been  washed  free  of  blood  by  the  use  of 
large  quantities  of  0.9  per  cent  sodium  chloride  the  muscles  of  which 
the  catalase  content  was  to  be  determined  were  removed  and  ground 
up  in  a  hashing  machine.  One  gram  of  the  material  was  added  to  4S 
cc.  of  hydrogen  peroxide  in  a  bottle,  and  as  the  oxygen  gas  was  given 
off  it  was  conducted  through  a  rubber  tube  to  an  inverted  burette  previ- 
ously filled  with  water.  After  the  gas  thus  collected  was  reduced  to 
standard  atmospheric  pressure  the  resulting  volume  was  taken  as  a 
measure  of  the  amoimt  of  catalase  in  the  gram  of  muscle. 

The  average  amoimt  of  oxygen  liberated  by  1  gram  of  the  breast 
muscle  of  six  pigeons  was  91  cc,  the  average  amoimt  of  six  bantam 
chickens,  7  cc.  By  comparing  these  amounts  of  oxygen  it  will  be  seen 
that  1  gram  of  the  breast  muscle  of  the  pigeon  contains  about  thirteen 
times  as  much  catalase  as  that  of  the  breast  muscle  of  the  bantam 
chicken.  The  pigeons  were  able  to  fly  practically  indefinitely  while 
the  bantam  chickens  could  scarcely  fly  at  all.  A  comparison  of  the 
catalase  content  of  the  corresponding  muscles  of  the  other  animals 
'  showed  that  the  active  muscles  were  richer  in  catalase  than  the  inac- 
tive muscles,  but  there  was  not  such  a  marked  difference  in  any  of  the 
muscles  compared,  as  between  the  breast  muscles  of  the  bantam  chick- 
ens and  the  pigeons  because  there  was  not  so  much  difference  in  the 
amount  of  work  done. 

A  study  of  the  total  and  preformed  creatinine  in  various  muscles  of  the 

cat,    Ernest  L.  Scott  and  Adelaide  Spohn. 

Cats  were  used  throughout  the  work.  They  were  killed  by  decapi- 
tation. The  muscles  were  then  removed  and  cleaned  of  connective 
tissue  and  fat  either  at  once  or  after  they  had  been  fatigued.  The  de- 
terminations were  made  by  the  methods  described  by  Folin. 
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1.  Do  the  several  muscles  contain  specific  amounts  of  creatine  and 
creatinine?  The  muscles  studied  were  the  diaphragm,  the  extensor 
longus  digitonim,  the  soleus  and  the  bladder.  The  results  obtained 
from  a  series  of  23  animals  indicate  that  each  muscle  contains  a  specific 
amount  of  creatine.  Judging  from  the  bladder  the  amoimt  of  creati- 
nine in  smooth  muscle  is  different  from  that  of  striated  muscles  though 
these  latter  do  not  diflfer  among  themselves. 

2.  Does  fatigue  bring  about  a  change  in  the  amount  of  creatine  or 
creatinine  in  an  excised  muscle?  (a)  Ten  cats  were  killed  and  their 
extensors  were  removed.  One  from  each  cat  was  fatigued  to  exhaus- 
tion in  a  moist  chamber  by  induced  electric  stimulation  while  its  mate 
was  himg  in  a  moist  chamber  imder  similar  conditions,  but  without 
stimulation.  After  the  stimulated  muscle  was  exhausted  the  total  cre- 
atinine was  determined  in  each.  Four  pairs  of  solei  were  treated  in  a 
similar  manner.  The  results  obtained  were  alike  for  the  fatigued  and 
resting  muscle  within  the  limits  of  error  inherent  in  the  method.  Simi- 
larly there  was  no  change  foimd  in  the  amoimt  of  preformed  creatinine 
after  fatigue  imder  the  same  conditions. 

3.  Are  the  effects  of  fatigue  upon  the  muscles  of  the  intact  animal 
the  same  as  on  the  excised  muscles?  Three  cats  were  decapitated 
after  severe  fatigue  brought  about  by  running  in  a  revolving  wheel. 
The  total  creatinine  was  determined  as  before.  The  results  are  shown 
in  the  last  coliunn  of  the  table  and  indicate  a  loss  of  from  18  per  cent 
to  30  per  cent.  That  this  loss  extends  to  the  bladder  as  well  as  to  the 
muscles  which  were  more  obviously  working  is  not  contrary  to  recog- 
nized principles  of  fact  and  is,  we  think,  capable  of  explanation. 


CREATINE  +  creat- 
inine; ORAU8  PER 

100  ORAU8  or  uonrr 
tissue;  resting 

MUSCLE 


Diaphragm 
Extensor. . . 

Soleus 

Bladder. . . . 


0.368  (23) 

0.427  (23) 

0.278  (23) 

0.097  (10) 


PREFORMED    CREAT- 
ININE; OROIS  PER 
100  GRAMS  OP  MOIST 
tissue;   RESTING 
MUSCLE 


CREATINE  +  creat- 
inine; GRAMS  PER 
100  GRAMS  OP  MOIST 

tissue;  animals 
patigubd  in  wheel 


0.0044  (20) 

0.0048  (10) 

0.0O42  (10) 

0.010..  (9) 


0.288  (3) 

0.324  (3) 

0.228  (3) 

0.068  (2) 


The  carduhskeleUil  quotient.     W.  L.  Mendenhall. 

By  means  of  faradic  quantitative  stimulation  the  relation  between 
strength  of  stimulus  necessary  to  excite  contraction  in  the  frog^s  ven- 
tricle and  that  necessary  to  excite  contraction  in  the  frog's  gastroc- 
nemius was  investigated. 

The  heart  was  stopped  by  means  of  a  Ugature  and  the  threshold  was 
determined  by  means  of  electrodes  which  were  thrust  directly  into  the 
ventricular  wall.  The  threshold  of  the  gastrocnemius  was  determined 
by  means  of  the  same  electrodes  thrust  directly  into  the  belly  of  the 
muscle,  the  skin  having  been  previously  sUt.  The  gastrocnemius  was 
not  curarized. 

The  threshold  value  of  the  gastrocnemius  was  divided  by  the  thresh- 
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old  value  of  the  ventricle.  This  ratio  was  found  to  be  0.17,  and  the 
name  cardio-skeletal  quotient  was  suggested  for  it.  According  to  the 
evidence  obtained  the  cardio-skeletal  quotient  is  a  body  constant  and 
indicates  that  the  threshold  of  the  frog's  ventricle  is  approximately  six 
tinies  as  great  as  the  threshold  of  the  gastrocnemius. 

The  use  of  the  cardio-skeletal  quotient  as  an  index  of  the  effects  of 
physiological  or  pharmacological  agents  was  indicated.  An  investi- 
gation using  the  quotient  as  indicated  was  reported.  With  the  gastroc- 
nemius kept  in  a  constant  or  normal  condition,  an  increase  in  the 
cardio-skeletal  quotient  would  indicate  an  increase  in  the  irritability  of 
tJiP  ventricle:  conversely  a  decrease  in  the  cardio-skeletal  quotient 
would  indicate  a  decrease  in  the  irritability  of  the  ventricle.  Accord- 
ingly it  was  shown  that  fatigue  causes  an  increase  in  the  irritability 
of  the  heart  from  15  to  30  or  40  per  cent,  varying  with  the  time  which 
elapses  after  the  electrodes  are  placed  in  the  heart.  It  is  greatest 
about  forty-five  minutes  or  an  hour  after  the  fatiguing  process  has  been 
stopped. 

Instances  were  reported  wherein  drugs  caused  decided  changes  in 
the  irritability  of  the  ventricle  as  shown  by  the  cardio-skeletal  quotient 
ranging  from  0.04  to  0.76. 

Hunger  and  appetite  in  fever.   J.  R.  Rupp,  J.  Meyer  and  A.  J.  Carlson. 

In  experimental  fevers  induced  in  healthy  persons  by  the  injection  of 
sodium  nucleate  or  excessive  doses  of  typhoid  vaccine,  the  gastric  tonus 
and  himger  contractions  remain  normal  unless  the  body  temj>erature 
exceeds  104*T.,  in  which  case  they  are  depressed.  In  the  fevers  rang- 
ing from  lOl^T.  to  104°C.,  the  normal  gastric  hunger  contraction 
may  not  give  rise  to  the  sensation  of  "himger"  but  to  an  epigastric  dis- 
comfort tinged  with  nausea,  or  ''sick  stomach."  During  the  chill 
stage  of  the  fevers,  the  gastric  tonus  and  hunger  contractions  are  de- 
pressed. 

In  experimental  (non-infectious)  fevers  in  dogs,  the  gastric  hunger 
contractions  remain  normal,  at  least  until  the  body  temperatxire  ex- 
ceeds 104°  F.,  when  depression  usually  acts.  . 

Bacterial  toxins  (exotoxins)  or  solutions  of  bacteria  (endotoxins)  ap- 
pear to  have  no  depressor  action  on  isolated  strips  from  the  stomach 
wall. 

The  influence  of  temperature  on  the  gastric  hunger  corUra^Uions  of  some  of 

the  lower  animals.    T.  L.  Patterson. 

Within  certain  not  very  wide  ranges  of  temperature  the  hunger  move- 
ments of  the  frog's  stomach  fall  within  the  limits  of  van't  Hoff's  rule. 
The  hxmger  contractions  of  this  animal  are  completely  inhibited  at 
13°C.  for  low  temperature  and  at  35°C.  for  high  temperature.  Raising 
the  first  temperature  or  lowering  the  second  0.5*^  or  at  the  most  V 
starts  the  himger  contractions  again.  In  both,  the  frog  and  the  turtle 
the  gastric  hunger  activity  is  proportional  to  the  climatic  changes  in 
temperature  within  certain  limits  as  is  indicated  by  van't  Hoff's  rule. 
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Further  observations  on  cerebral  heat  centers.  Ernest  Sachs  and  P.  P. 
.  Green. 

Previous  experiments  stimulating  the  caudate  nucleus  faradically 
showed  no  temperatiu«  changes.  Since  then  93  experiments  on  cats 
and  rabbits  have  been  carried  out.  This  paper  also  includes  observa- 
tions on  over  150  craniotomies  in  hiunan  beings.  There  were  31  elec- 
trolytic lesions,  16  injection  experiments,  40  irrigation  experiments  after 
the  method  of  Barbour.  In  the  electrolytic  lesions,  temperature  rises 
were  noted,  but  controls  showed  just  as  much  rise.  Injection  of  emul- 
sion of  cortex  and  caudate  into  the  caudate  showed  similar  tempera- 
ture changes,  but  controls  showed  the  same.  The  results  of  irrigation 
by  the  Barbour  method  were  very  variable  and  a  rise  of  temperatm^ 
with  cold  water  and  a  fall  with  hot  was  not  observed.  Irrigation  of  the 
liver,  using  this  cannula,  gave  similar  results. 

These  experiments  do  not  confirm  the  view  that  there  is  a  cerebral 
heat  center. 

An  application  of  Boyle's  law  and  Avogadro*s  law  to  the  oscillations  of  the 

manometer  in  clinical  measurements  of  blood  pressure,    A.  M.  Bleile. 

Erlanger^  has  put  forth  an  hypothesis  bearing  on  the  clinical  meas- 
urement of  blood  pressure.  This  hypothesis  practically  states  that  the 
oscillations  of  pressure  in  the  arm  band,  with  a  given  volume  pulse 
change,  woidd  be  proportional  to  the  pressure  of  the  arm  band;  e.g., 
with  a  given  volimie  pulse  change,  if  the  arm  band  pressure  is  at  100 
mm.,  the  pulse  wave  shown  by  the  arm  band  manometer  would  be  only 
half  as  great  as  it  would  with  the  same  volxune  pulse  but  with  the  arm 
band  pressure  at  200  nun. 

Upon  testing  this  hypothesis  by  the  help  of  a  suitable  physical  model 
it  is  demonstrated  that  such  is  not  the  case.  On  the  contrary,  it  is 
demonstrated  that  oscillations  of  volume  occupied  by  given  mass  of 
gas  produce  inversely  proportional  oscillations  of  absolute  pressure. 

Or,  in  other  words,  the  absolute  pressure  of  a  given  mass  of  gas  is 
inversely  proportional  to  its  volume. 

In  short,  it  is  another  way  of  stating  Boyle's  law,  that  the  absolute 
pressure  of  a  gas  is  proportional  to  its  concentration. 

Therefore,  the  results  of  the  present  work  are  in  harmony  with 
Boyle's  law  but  are  contrary  to  &langer's  hypothesis. 

The  influence  of  an  oxidizing  substance  on  the  catalase  value  of  the  blood. 

Aaron  Arkin. 

In  previous  work  the  author  has  demonstrated  that  certain  oxidiz- 
ing substances  (sodimn  iodoxybenzoate)  stimulate  the  production  of 
antibody  in  immunized  animals,  as  was  shown  by  Helrtoen  for  dogs 
immunized  with  ox  corpuscles.  The  author  also  foimd  that  the  above 
substance  inhibits  the  tuberculin  reaction  in  tuberculous  animals,  as 
shown  by  Amberg  for  other  local  allergic  reactions,  and  concluded  that 
the  stimulating  effect  on  antibody  production  was  due  to  a  stimulation 

*  Erlanger:  This  Journal,  1916,  xxxix,  401. 
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of  oxidation  at  the  sites  of  antibody  production.  In  an  attempt  to 
analyze  this  action  a  study  has  been  made  of  the  effect  of  oxidizing  subr 
stances  on  the  catalase  value  of  the  blood  and  tissues.  With  the  assist- 
ance of  E.  B.  Fink  I  have  foimd  that  sodiimi  iodoxybenzoate  does  not 
affect  the  catalase  value  of  the  blood  of  rabbits.  Other  oxidizmg  agents 
studied  by  me  have  no  effect.  The  study  of  the  effect  on  the  tissues  of 
immimized  animals  is  now  under  way. 

The  vaporization  of  water  from  skin  and  respiratory  po^sa^es  in  health 
and  disease,  Eugene  F.  Du  Bois  and  G.  Fabian  Soderstrom. 
The  water  elimination  has  been  determined  in  300  experiments  made 
on  patients  and  normal  controls  in  the  Sage  respiration  calorimeter. 
All  observations  in  which  the  relative  hxmiidity  changed  more  than  10 
per  cent  in  three  hours  have  been  excluded  from  the  averages  since 
large  amoimts  of  water  vapor  can  be  absorbed  or  given  off  by  the  bed 
and  clothing  with  a  changing  humidity.  This  leaves  175  experiments 
made  under  standard  conditions,  the  air  temperature  between  22  and 
24°C.;  relative  humidity,  25  to  50  per  cent;  and  the  subjects  dressed  in 
shirt,  pajamas  and  two  pairs  of  socks. 

Thirteen  normal  men  gave  off  on  the  average  29  grams  of  water  an 
hour  and  24  per  cent  of  the  calories  were  lost  throu^  the  vaporization 
of  water,  with  a  range  of  plus  or  minus  tV*  Average  results  very  close 
to  this  figure  were  given  by  men  after  large  meals  of  glucose  or  protein, 
boys  twelve  to  thirteen  years  old,  very  old  men,  men  with  legs  cut  off, 
dwarfs,  patients  with  pernicious  anemia,  cardio-nephritic  disease  and 
diabetes.  The  percentage  of  heat  lost  through  vaporization  was  in- 
creased in  typhoid  patients  with  falling  temperature  and  in  a  few  cases 
of  hyperthyroidism. 

Some  physiological  disturbances  induced  in  animals  hy  nitrobenzol  fumi- 
gation.   M.  Dresbach  and  W.  L.  Chandler. 

This  paper  deals,  as  a  preliminary  report,  with  the  effects  of  nitroben- 
zol on  animals  when  it  is  given  by  inhalation,  under  conditions  in  which 
disturbing  factors,  such  as  impurities,  CO2,  excessive  moisture  and  tem- 
perature variations  are  reduced  to  a  minimum. 

Nitrobenzol  acts  mainly  on  the  central  nervous  system  and  blood. 
The  present  study  is  concerned  with  the  former  only.  The  symptoms 
vary  with  different  species  of  animals  and  with  individuals  of  the  same 
species.  In  rabbits,  cats  and  rats  the  dominant  symptom  is  depression 
and  paralysis;  in  frogs  these  symptoms  alone  are  seen;  in  dogs  the  action 
is  more  complex.  Rabbits  and  guinea  pigs  are  very  resistant  to  the 
poison,  but  they  succumb  quickly  once  the  symptoms  develop.  Dogs 
may  show  signs  of  poisoning  within  a  few  hours  after  breathing  the 
vapor,  or  not  until  several  (even  four)  days  after  the  inhalation.  The 
time  will  depend  upon  the  amoimt  of  the  benzol  taken  in.  One  of  the 
first  effects  is  vomiting.  This  is  followed  soon  by  loss  of  coordination 
of  muscles.  The  hind  legs  are  the  first,  usually,  to  be  affected;  then 
follow  the  fore  leg  muscles  and  those  of  the  neck,  jaw  and  trunk,    Ex- 
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tensor  rigidity  is  the  most  prominent  condition;  opisthotonus  may  be 
very  marked.  The  attacks  may  last  variable  lengths  of  time,  some 
times  for  hours.  In  dogs  and  guinea  pigs  typical  "swimming"  move- 
ments are  often  seen,  persisting  for  shorter  or  longer  periods.  In  dogs 
there  is  practically  always  nystagmus,  and  we  have  seen  other  evidences 
of  cerebellar  stimulation.  Likewise,  there  is  dilation  or  contraction  of 
one  or  both  pupils.  Consciousness  is  present  till  a  late  stage.  Diges- 
tion is  interfered  with  from  the  start  and  the  animals  usually  refuse 
food  and  drink,  though  they  can  often  be  persuaded  to  take  Uquids 
between  attacks  of  the  spasms. 

Recovery  may  take  place  within  a  week  or  ten  days  following  the 
onset  of  the  intoxication,  or  the  animal  (dog)  dies,  apparently  from 
respiratory  failure.    We  have  not  seen  the  circulation  fail  firat. 

The  experiments  so  far  made  indicate  that  nitrobenzol  stimulates 
and  then  paralyzes  motor  centers  of  skeletal  muscles.  The  circulation 
and  respiration  in  dogs  are  but  Uttle  afifected,  unless  violent  convulsions 
ensue.  The  effects  upon  the  blood  have  not  been  suflBciently  studied, 
but  it  is  known  that  profoimd  changes  in  the  oxygen  carrying  capacity 
and  in  the  morphology  and  number  of  the  different  corpuscles  may 
occur. 

Physiological  effects  of  ethyl  alcohol  when  injected  into  the  rectum  with 
special  reference  to  the  gaseous  exchange.  T.  M.  Carpenter. 
The  respiratory  exchange  of  four  healthy  medical  students  before 
and  after  injection  of  alcohol  into  the  rectum  was  studied  by  means  of 
a  face  mask  and  the  Tissot  respiration  apparatus.  For  control  studies 
0.6  per  cent  sodium  chloride  solution  was  used.  The  composition  of 
the  expired  air  was  determined  by  the  portable  Haldane  gas  analysis 
apparatus.  Simultaneous  graphic  records  were  secured  of  the  pulse 
and  respiration  rates  as  well  as  of  the  extraneous  muscular  activity. 
The  concentrations  of  alcohol  injected  were  5.0,  7.5  and  10  per  cent. 
The  amoimts  given  were  from  200  to  750  cc.  Usually  the  absolute 
weight  of  alcohol  was  25  grams. 

When  the  respiratory  quotient  was  about  0.85  before  25  grams  of 
alcohol  was  given,  it  fell  to  0.80  two  to  three  hours  after  the  injection; 
when  the  respiratory  quotient  was  0.80,  it  fell  to  0.77  in  about  the  same 
length  of  time.  This  depression  of  the  respiratory  quotient  did  not 
occur  in  all  cases.  In  a  few  experiments  the  oxygen  consiunption  was 
raised  about  10  per  cent. within  three  hours  after  the  alcohol.  In  several 
instances  the  pulse  rate  increased  from  three  to  five  beats  per  minute 
over  that  of  the  period  before  alcohol  was  given. 

Reflex  control  of  gastric  vagus-tonus.    F.  T.  Rogers. 

Dogs,  in  which  the  splanchnic  nerves  have  been  sectioned  and  with 
gastric  fistulae,  may  show  hunger  contractions  after  decerebration 
(Sherrington's  method)  following  a  fast  of  two  or  three  days.  Tran- 
section of  the  brain  stem  must  be  done  imder  deep  anesthesia.  Unless 
the  dog  agaiii  breathes  normally  and  unless  the  pulse  rate  and  strength 
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are  nearly  normal,  the  hunger  contractions  will  not  appear.  Respira- 
tory or  cardiac  disturbances  indicate  a  quiescent  stomach.  Pressure 
effects  on  the  medulla  do  not  seem  to  stimulate  the  gastric  centers. 

Carlson  has  called  attention  to  the  fact  that  the  himger  contractions 
are  very  easily  inhibited  by  various  reflexes  but  in  no  case  is  there  a 
reflex  augmentation  of  these  contractions  or  of  gastric  tone. 

In  a  dog,  prepared  as  indicated  above,  stimuktion  of  the  central  end 
of  one  vagus  nerve  with  the  other  nerve  intact,  is  followed  by  reflex 
spasmodic  contractions  of  the  entire  stomach.  This  effect  may  be  ob- 
tained by  stimulating  the  nerve  either  in  the  neck  or  below  the  dia- 
phragm. In  the  absence  of  the  splanchnic  nerves  reflex  augmenta- 
tion of  gastric  tone  and  contractions  is  possible.  The  vagus  contains 
both  the  sensory  and  motor  paths  of  this  reflex.  This  suggests  that 
vagus  tonus,  with  reference  to  the  stomach,  may  be  a  reflex  effect  simi- 
lar to  that  of  muscles. 

An  instance  of  apparent  anesthesia  of  a  solution,  E.  Newton  Harvey. 
Luminous  bacteria  will  cease  to  Ught  in  definite  concentrations  of  an 
homologous  series  of  alcohols,  and  if  the  alcohol  be  removed  or  diluted 
Ught  again  appears.  The  concentrations  which  narcotize  in  one  hour 
are:  methyl  alcohol,  2  m.;  ethyl,  1.5  m.;  propyl,  0.25.;  butyl,  0.08  m.; 
amyl,  0.03  m.;  capryl,  0.002  m.  The  series  is  similar  to  that  foimd  in 
narcosis  of  other  cells  and  brings  the  anesthesia  of  light  production  in 
line  with  that  of  muscle  contraction  and  other  physiological  processes. 
The  preparation  of  luminous  extracts  of  luminous  bacteria  is  practi- 
cally impossible.  Many  luminous  animals,  however,  secrete  luminous 
substances;  the  small  ostracod  crustacean,  Cypridina,  forms  a  brilliant 
clear  luminous  secretion  whose  light  is  perfectly  homogeneous.  The 
secretion  contains  both  photogenin  and  photophelein,  the  substances 
necessary  for  the  production  of  light,  and  it  may  be  filtered  through  a 
porcelain  or  sUiceous  filter  candle  and  is  then  still  luminous.  The  ^ght 
producing  substances  are  therefore  in  true  or  colloidal  solution.  If 
ethyl  alcohol  is  added  to  the  porcelain  filtrate,  the  Ught  disappears 
when  about  20  per  cent  alcohol  is  reached  and  on  diluting,  the  Ught 
returns.  With  butyl  alcohol,  less  than  8  per  cent  is  needed.  As  no 
precipitate  forms,  we  are  not  dealing  with  a  precipitation  phenomenon, 
but  with  a  reversible  inhibition  of  Ught  production  in  a  solution  akin 
to  anesthesia. 

Minimal  variations  in  spinal  reflex  thresholds.    Eugene  L.  Porter. 

The  object  of  this  investigation  was  the  study  of  and  control  over 
some  of  the  variables  encoimtered  in  measuring  reflex  thresholds  in 
the  spinal  cat,  and  in  particular  the  variations  in  threshold  of  the  flexion 
reflex  were  to  be  compared  with  those  of  the  nerve  muscle  preparation. 
Spinal  cats  had  tibialis  anticus  muscle  arranged  for  recording  myo- 
graphicaUy,  when  reflex  contraction  was  eUcited  by  stimulation  of  the 
posterior  tibial  nerve;  subsequent  stimulation  of  the  distal  end  of  the 
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cut  peroneus  nerve  gave  direct  nerve-muscle  records  from  the  same 
muscle.  A  modification  of  Lucas'  liquid  electrode  was  used  in  place 
of  the  platinum  wire  type,  to  avoid  local  impairment  of  the  nerve  from 
compression,  and  to  prevent  alterations  in  resistance  at  the  point  of 
stimulation  due  to  the  presence  or  removal  of  liquid.  This  electrode 
consists  of  a  short  glass  tube,  constricted  at  one  end,  into  which  the 
ligated  nerve  is  drawn;  over  the  other  end  is  pushed  a  rubber  tube, 
whose  liunen  1  cm.  from  the  glass  tube  is  closed  by  a  glass  ball  through 
which  passes  a  platinum  wire.  Within  the  glass  and  rubber  tubes  the 
nerve  is  surroimded  by  a  thin  paste  of  kaolin  in  Ringer's  solution.  In- 
duction shocks  sent  into  the  platinum  wire  spread  through  the  kaolin- 
Ringer  paste,  stimulate  the  nerve  at  the  constricted  neck  where  current 
density  is  greatest,  and  leave  the  animal  at  an  indifferent  electrode  on 
the  fore-limb.  Determinations  of  threshold  were  made  approximately 
once  a  minute  for  periods  an  hour  long,  using  a  coil  calibrated  by  Mar- 
tin's method.  Dimng  an  hour  both  the  reflex  and  nerve-muscle  prep- 
arations were  found  to  vary  as  much  as  2  Z^units  but  at  the  end  the 
threshold  might  be  either  lower  or  higher  than  at  the  beginning.  Alter- 
ations of  thr^old  between  successive  readings  were  from  two  to  three 
times  as  great  for  reflfix  as  for  nerve-muscle,  and  the  direction  of  change 
toward  a  higher  or  lower  threshold  was  reversed  more  often  for  reflex 
than  for  nerve-muscle.  Comparisons  of  flexion  with  crossed-extension 
showed  that  flexion  thresholds  varied  less  than  those  for  crossed- 
extension. 

Possible  periodic  variations  in  the  extent  of  the  knee-jerk  in  women.    Jes- 
sie L.  King. 

Repeated  attempts  have  been  made  to  demonstrate  by  physiological 
and  psychological  tests  that  the  Ufe-processes  of  women  have  a  rhyth- 
mical movement  which  centers  about  the  menstrual  period.  Except  as 
concerns  the  slight  constant  variations  in  pulse  and  temperature,  these 
attempts  have  failed.  Possibly  a  variation  in  the  tone  of  the  nerve- 
centers,  as  well  as  the  rise  in  temperature  may  account  for  the  feeling 
of  discomfort  frequently  experienced  by  normal  women  immediately 
preceding  and  at  the  onset  of  the  menstrual  period. 

Using  the  knee-jerk  as  an  index  of  such  tone,  a  series  of  daily  obser- 
vations was  made  on  a  group  of  eleven  normal  young  women,  over 
periods  varying  from  one  to  five  menstrual  cycles.  The  observations 
covered  twenty-nine  periods.  A  chart  showing  the  daily  averages  for 
one  subject  was  submitted. 

The  evidence  pointed  in  the  direction  of  the  following  conclusions — 
that  a  period  of  hyperexcitability  immediately  precedes  or  accompa- 
nies the  onset  of  the  menstrual  period;  that  this  is  followed  by  a  de- 
cline in  excitability  which  continues  for  a  few  days  after  the  menses 
has  ceased;  and  that  there  is  then  a  tendency  for  it  to  rise  to  a  slightly 
higher  level  than  the  preceding  during  the  intermenstrual  interval. 


Digitized  by 


Google 


608  '  AMERICAN   PHYSIOLOGICAL   SOCIETY 

The  combincUion  of  thrombin  by  the  antithrombin  of  the  blood  serum, 

H.  S.  Gasser. 

If  very  clear  oxalated  plasma  is  heated  to  55*^  to  remove  its  fibrino- 
gen, the  coagulation  process  may  be  initiated  by  optimum  calcification 
and  the  stages  in  the  conversion  of  prothrombin  be  studied  quanti- 
tatively from  the  start.  If  the  amount  of  tissue  extract  present  is  so 
small  that  all  the  prothrombin  is  not  converted  to  thrombin  then  the 
amount  of  thrombin  that  can  be  produced  is  formed  rapidly  and  dis- 
appears rapidly,  going  into  combination  with  antithrombin.  Quanti- 
tative determinations  show  that  the  curve  of  free  thrombin  is  prac- 
tically the  inverse  of  the  combined-thrombin  curve.  The  system  soon 
comes  to  equiUbrium,  no  more  prothrombin  is  converted  to  throm- 
bin, therefore  there  is  no  evidence  that  the  action  of  tissue  extract  is 
catalytic.  This  equiUbrium  is  very  readily  upset,  however,  by  addition 
of  tissue  extract,  or  by  simple  dilution.  The  thrombin  in  combination 
with  antithrombin  is  in  an  irreversible  combination;  processes  Uberat- 
ing  the  thrombin  also  destroy  the  antithrombin.  The  rapidity  with 
wfich  thrombin  is  combined  by  antithrombin  explains  satisfactorily 
why  thrombin  does  not  cause  thrombosis  when  injected  intravenously 
and  is  to  be  regarded  as  an  important  agency  in*  maintaining  the  fluidity 
of  the  blood. 

The  inhibitory  effect  of  adrenalin  upon  the  sphincter  muscle  of  the  iris. 

Don  R.  Joseph. 

Adrenahn  solutions  of  various  concentrations  when  applied  to  the 
sphincter  pupillae  after  either  partial  or  complete  excision  of  the  muscle 
cause  a  prompt  and  unmistakable  relaxation.  This  relaxation  is  maxi- 
mal following  the  use  of  stronger  adrenalin  solutions  (1:  IQOO  to  1: 
100,000).  Very  dilute  solutions  (1:10,000,000)  on  the  other  hand, 
produce  only  a  partial  relaxation.  The  duration  of  the  effect  varies 
directly  with  the  concentration  of  the  solution  used;  after  1:  20,000,000 
recovery  may  be  complete  within  two  to  five  minutes,  whereas  after 
1 :  1000  two  hours  or  more  may  be  necessary  for  recovery.  The  sphinc- 
ter muscle  of  the  following  irises  was  tested:  bovine,  swine,  sheep,  goat 
and  human.  The  changes  in  sphincter-length  were  recorded  graphi- 
cally. 

These  experiments  demonstrate  that  the  sphincter  muscle  of  the 
iris  is  capable  of  responding  to  a  suitable  stimulus  in  a  sense  that  is 
exactly  the  opposite  of  shortening  (contraction),  namely  by  lengthen- 
ing (relaxation).  In  its  response  'to  adrenalin  the  sphincter  of  the  iris 
resembles  the  intestinal  strip. 

The  transformation  of  the  plasma  dot.     George  A.  Baitsell. 

It  has  previously  been  shown  by  the  author^  that  in  tissue  cultures 
and  in  wound  healing  in  the  skin  of  frogs  a  fibrous  tissue  which  gives 
evidence  of  being  identical  with  normal  connective  tissues  may  be 

»  (a)  Journ.  Exper.  Med.,  1915,  xxi,  455-179;  (b)  Journ.  Exper.  Med.,  1916, 
xxiii.  439-456. 
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fonned  by  a  direct  transformation  of  a  plasma  clot.  In  an  endeavor 
to  analyze  this  reaction  more  fully,  plasma  clots  made  from  centri- 
fuged  blood  plasma  of  the  frog  have  been  subjected  to  various  condi- 
tions of  tension  and  pressure.  The  results  obtained  show  that  with 
the  aid  of  these  mechanical  factors  it  is  f>ossible  to  directly  transform 
a  typical  fibrin  net  into  a  fibrous  tissue.  By  varying  the  conditions  it 
is  possible  to  obtain  preparations  which  \iill  show  various  stages  in 
the  transformation  ranging  from  an  almost  typical  fibrin  net  to  a  fi- 
brous tissue  composed  of  bundles  of  wavy  fibers  such  as  are  character- 
istic of  various  types  of  normal  connective  tissues.  This  newly  formed 
fibrous  tissue  when  stained  with  Mallory^s  connective  tissue  stain 
(modified  according  to  Mall)  takes  the  typical  blue  color  the  same  as 
do  regular  connective  tissues. 

Changes  in  the  percentage   composition  of  muscle  protoplasm  during 

prolonged  fasting  with  work.    C.  W.  Greene. 

The  Pacific  salmon,  Oncorhyiichus  tschawytscha,  was  used  for  the 
determinations  presented  in  this  series  of  experiments.  This  species 
of  salmon,  as  is  well-known,  feeds  in  the  ocean  until  maturity  and  then 
makes  the  journey  to  the  spawning  groimds  in  cold  fresh  water  streams 
wholly  without  eating,  a  natural  fasting  period.  The  journey  takes 
three  to  four  months,  and  there  is  expenditure  of  a  great  amount  of 
miiscular  energy  during  the  migration.  The  source  of  this  energy  has 
been  traced  by  the  method  of  quantitative  chemical  analyses  of  the 
great  classes  of  substances  constituting  the  muscle  tissue. 

The  salmon  stores  its  fat  among  its  muscle  fibers  and  within  certain 
classes  of  fibers.  This  storage  fat  amounts  to  from  15  per  cent  to  20 
per  cent  of  the  wet  weight  of  the  muscle,  in  certain  particular  muscles 
as  much  as  30  per  cent.  At  the  end  of  the  migration  the  excess  of  fat 
is  reduced  to  an  average  of  2  per  cent  to  2.24  per  cent.  It  has  been 
shown  that  a  large  proportion  of  the  gross  mass  of  muscle  disappears 
diuing  the  migration  fast.  The  stor^  fat  has  been  considered  as  a 
superload  in  the  determination  of  the  protoplasmic  changes.  When 
figured  on  the  assmnption  that  the  tissue  exclusive  of  fat  may  be  Inti- 
mately considered  as  muscle  protoplasm  rather  striking  compositional 
changes  appear. 

Comparing  the  three  collecting  regions,  namely,  the  mouth  of  the 
Columbia  River,  an  intermediate  point  at  70O  miles  up  stream, 
and  at  the  spawning  grounds,  the  following  changes  are  revealed: 
The  water  content  of  the  fat-free  tissue  increases — 74.7  per  cent,  77.0 
per  cent  and  81.5  per  cent,  an  increase  in  total  water  content  of  about 
9  per  cent  during  the  joiuney.  The  proteins  decrease — 20.2  per  cent, 
18.2  per  cent  and  14.0  per  cent,  a  relative  decrease  of  30  per  cent.  The 
organic  extractives  increase — 2.9  per  cent,  3.3  per  cent  and  3.1  per 
cent.  Migrating  fish  are  most  active  at  the  700  mile  station,  which 
doubtless  accoimts  for  the  higher  percentage  of  organic  extractives  ob- 
tained at  this  point.  The  ash  remains  practically  constant  throughout 
the  entire  cycle  of  the  migration  fast. 
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Further  studies  on  the  effect  of  adrenalin  upon  muscular  fatigue  and  imb 

circulation.    Chas.  M.  Gruber. 

The  experiments  were  performed  exclusively  upon  cats,  either  tinder 
urethane  or  ether  anesthesia.  The  drop  method  was  used  in  record- 
ing the  circulation.  The  limb  was  either  under  normd  conditions, 
except  that  the  nerve  was  cut  and  a  cannula  placed  in  the  blood  vessel 
leading  from  the  muscle  under  observation  or  perfused  with  warm 
Ringer's  solution  through  the  femoral  artery. 

In  all  experiments  when  the  nerve  was  cut,  adrenalin  slowly  injected 
in  small  doses  0.6  cc.  to  2  cc.  of  a  1 :  100,000  solution  produced  an  in- 
crease in  the  height  of  muscular  contraction,  with  a  concomitant  de- 
crease in  the  rate  of  flow  of  fluid  through  the  vessels.  This  decrease  in 
the  intact  animal  was  passive  in  action,  due  to  the  fall  in  blood  pres- 
sure. But  in  the  p^erfused  limb  small  doses  1: 100,000,000  produced 
active  vasoconstriction. 

Under  experimental  conditions  in  which  there  is  paralysis  of  the  nerv- 
ous system  to  the  muscular  vessels  adrenalin  does  not  better  fatigue 
by  bettering  the  circulation,  but  it  betters  the  height  of  muscular  con- 
traction by  its  action  upon  some  substances  produced  during  fatigue 
or  upon  some  substance  utilized  by  the  muscle  during  its  contraction. 

In  a  fatigued  muscle  in  which  the  nerve  is  intact  adrenalin  has  a 
twofold  effect:  that  of  bettering  the  circulation,  and  that,  possibly,  of 
direct  chemical  action  similar  to  that  foimd  in  a  muscle  in  which  the 
nerve  is  cut. 

During  the  development  of  rigor  mortis  changes  take  place  in  the 
muscle  similar  to  those  that  take  place  in  fatigue.  Adrenalin  was 
found  to  have  a  potent  action  upon  muscles  imdergoing  rigor  mortis 
from  one  to  four  hours  as  tested  by  muscular  contraction. 

Anti-neuritic  substances  from  egg  yolk,    H.  Stbenbock. 

By  means  of  neutral  solvents  there  was  prepared  a  water-acetone 
soluble  fraction  from  egg  yolk  which  in  small  doses  by  intraperitoneal 
injections  was  able  to  cure  a  pigeon  suffering  from  polyneuritis.  The 
anti-neuritic  principle  was  found  stable  to  concentrated  hydrochloric 
acid  at  98°  and  to  concentrated  alkalies  at  room  temperature,  but 
readily  destroyed  by  dilute  alkalies  at  the  boiling  temperature.  Phos- 
photungstic  acid  precipitated  it  very  incompletely.    It  was  not  adenine. 

On  the  mechanism  of  blood  coagulation.  G.  H.  A.  Clowes. 

A  suitable  citrated  plasma  filtered  through  a  bougie  does  not  clot  on 
the  addition  of  CaCU  alone,  but  if  one  in  a  hundred  thousand  of  boiled 
brain  lipoid  is  added,  the  filtrate  clots  with  CaCU  almost  as  readily  as 
does  the  original  plasma.  The  filtrate  without  addition  of  lipoid  clots 
far  more  readily  with  thrombin  than  does  the  original  plasma,  Uie 
speed  of  coagulation  being  if  anything  retarded  by  the  addition  of 
Upoid.  If  brain  Upoid  is  added  in  excess  to  such  a  filtrate  without  ad- 
dition of  CaCU  and  the  mixture  filtered  a  second  time,  the  filtrate  ob- 
tained does  not  clot  with  CaCU  alone,  clots  less  readily  than  the  first 
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filtrate  with  CaCU  and  lipoid  and  more  readily  with  thrombin.  Mix- 
tures of  CaCl?  and  lipoid  or  CaCU  and  prothrombin  which  are 
toxic  for  mice  on  intravenous  injection  retained  their  toxicity  indefi- 
nitely, but  a  mixture  of  CaCU,  lipoid  and  prothrombin  in  the  propor- 
tions necessary  to  cai)se  coagulation  exhibits  a  gradually  diminishing 
toxicity. 

The  action  of  brain  lipoid  is  destroyed  by  the  addition  of  sufficient 
iodine.  Lecithin  exerts  no  effect.  Unsaturated  lipoids  appear  to  play 
a  positive  rather  than  a  negative  r61e  in  blood  coagulation. 

NaCl  at  a  concentration  of  0.35  to  0.4  M  destroys  Uving  protoplasm 
in  marine  organisms  or  mice,  exerts  an  inhibiting  effect  upon  blood  coag- 
ulation, breaks  down  emulsions  of  oil  dispersed  in  water  by  Na  soap, 
precipitates  soap  jellies  and  soap  and  Upoid  suspensions,  and  the  ratios 
in  which  the  effect  exerted  by  NaCl  and  other  salts  may  be  counteracted 
by  CaCU  at  varying  concentrations  appear  to  be  approximately  the 
same  in  blood  coagulation  and  many  of  the  above  systems  and  to  cor- 
respond with  Loeb's  data  on  antagonistic  effects  exerted  by  electrolytes 
on  protoplasm  and  the  writer's  observations  on  interfacial  soap  filmis 
determined  by  the  drop  method.^  The  relation  between  prothrombin 
and  thrombin  presents  a  striking  analogy  to  that  between  soaps  like 
sodiimi  oleate,  which  being  soluble  in  water  but  not  in  oil  promote  the 
formation  of  emulsions  of  oil  in  water,  and  soaps  like  calcium  oleate, 
which  being  soluble  in  oil  but  not  in  water  promote  the  formation  of 
emulsions  of  water  in  oil.  The  consideration  of  coagulation  as  a  possible 
reversal  of  phase  relations  in  plasma  under  the  influence  of  Ca,  analo- 
gous to  that  in  emulsions,  may  offer  an  explgmation  for  such  phenom- 
ena as  the  dmrability  of  prothrombin  in  citrated  plasma,  its  inability 
to  function  without  calcimn  and  lipoid,  the  high  coagulating  effect  of 
the  nascent  thrombin  formed  from  calcimn,  lipoid  and  prothrombin 
in  the  presence  of  fibrinogen,  the  extremely  rapid  deterioration  of  throm- 
bin when  present  in  the  water  phase,  presiunably  as  a  result  of  sxu'face 
adsorption,  its  stability  so  long  as  it  remains  a  portion  of  the  non- 
aqueous phase  and  its  ability  to  fimction  although  somewhat  slowly 
in  the  presence  of  an  excess  of  citrate. 

Recovery  experiments  following  removal  of  the  Sino  auricular  node  in  the 

dog^s  heart.    J.  A.  E.  Eyster  and  W.  J.  Meek. 

The  sino-aiu-icular  node  was  sewed  off  in  seven  dogs,  in  three  addi- 
tional animals  it  was  cut  away.  The  operations  were  performed  asep- 
tically  and  the  animals  allowed  to  recover.  Before,  and  at  varying 
periods  of  time  after  the  operation,  electrocardiograms  (lead  II)  were 
taken  to  determine  the  type  of  cardiac  rhythm.  In  four  experiments, 
the  reaction  to  muscular  exercise  and  to  atropine  sulphate  before  and 
after  the  operation  was  also  determined.  The  experiments  varied  in 
duration  from  48  hours  to  64  days  following  the  operation.  In  most 
cases,  at  the  termination  of  the  experiment,  the  chest  was  opened  and 
the  seat  of  impulse  formation  determined  by  initial  negativity  with 

»  Journ.  Phys.  Chem.,  1916,  xx,  407. 
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the  string  galvanometer.  Eight  of  the  animals  showed  periods  of  auri- 
culo-ventricular  rhythm  following  the  operation.  In  all,  however,  there 
subsequently  developed  a  rhythm  in  which  there  was  a  definite,  though 
usually  somewhat  shortened,  auriculo-ventricular  interval.  In  one  ex- 
periment the  seat  of  the  permanent  rhythm  was  definitely  within  the 
coronary  sinus  portion  of  the  auriculo-ventricular  node.  Others  showed 
the  resumption  of  an  apparently  normal  sino-auricular  rhythm,  pre- 
ceded in  two  by  evidences  of  partial  sino-auricular  heart  block.  His- 
tological examinations  will  have  to  be  made  before  definite  statements 
can  be  given  as  to  the  relation  of  the  seats  of  permanent  impulse  forma- 
tion to  possible  remnants  of  the  sino-auricular  node. 

The  perfusion  of  the  mammalian  m^vlla:  the  effect  of  carbon  dioxide  and 

other  substances  on  the  respiratory  and  cardiovascular  centers.     D.  R. 

Hooker  and  D.  W.  Wilson. 

To  determine  the  effect  of  various  acids  and  alkaUes  on  the  mam- 
maUan  medulla,  perfusion  experiments  were  carried  out  on  preparations 
similar  to  those  described  by  one  of  us  in  which  an  isolated  circulation 
is  maintained  artificially  through  the  head  and  neck  of  the  animal. 
Various  materials  were  added  to  portions  of  the  perfusing  blood  and 
the  effect  on  the  respiratory  and  cardiovascular  centers  noted  by  re- 
cording the  movements  of  the  epigastrium  and  the  pressure  changes  in 
the  femoral  artery.  In  prehminary  experiments  sodium  hydroxide 
added  to  blood  caused  complete  inhibition  of  respiratory  movements 
and  hydrochloric  acid  caused  marked  stimulation.  Sodium  bicarbon- 
ate caused  an  increase  in  amplitude  and  decrease  in  rate  of  respiratory 
movements.  Ftirther  experiments  were  more  carefully  controlled  by 
determinations  of  the  hydrogen-ion  concentrations  of  the  specimens 
used. 

Portions  of  blood  in  which  the  Ph  was  decreased  from  7.4  to  7.2-7.3 
by  introducing  hydrochloric  and  lactic  acids,  showed  no  apparent 
differences  in  stimulating  action  on  the  respiratory  center  of  the  same 
animal. 

Portions  of  blood  through  which  5  per  cent  CO2  had  been  passed 
were  compared  with  blood  to  which  HCl  had  been  added  and  the  free 
002  shaken  out,  the  resulting  Ph  being  the  same  in  both  cases.  Al- 
ternate perfusions  of  these  solutions  through  the  same  preparation  re- 
sulted in  a  much  greater  stimulating  action  of  the  blood  containing  the 
excess  of  CO^.  These  experiments  would  indicate  a  specific  action  on 
the  part  of  carbonic  acid  on  the  respiratory  center. 

Observations   on  immunity   of  monkeys   to   experimental   poliomyelitis, 

Edward  C.  Rosenow  and  George  W.  Wheeler. 

Apparent  immunity  was  conferred  upon  three  monkeys  by  inocula- 
tions, which  were  not  followed  by  obvious  evidence  of  infection.  One 
of  the  immune  animals  had  previously  received  an  intracerebral  injec- 
tion of  plemorphic  streptococcus,  the  second  had  received  emulsions 
of  the  central  nervous  system  of  rabbits  paralyzed  by  cultures  of  this 
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streptococcus,  and  the  third  had  received  vims  in  the  usual  way.  One 
monkey  injected  with  green-producing  streptococci  from  sources  other 
than  poliomyelitis  was  not  immune,  and  one  monkey  injected  with  virus 
from  monkey  which  proved  not  to  have  poliomyelitis  was  not  inmiime. 
Three  normal  controls  developed  poliomyelitis  in  the  usual  time. 

Puhe  velocity  and  blood  pressure.    An  attempt  to  determine  the  variations 

of  elasticity  in  the  walls  of  living  arteries.    Percy  M.  Dawson. 

Many  physiologists  have  come  to  regard  the  pulse  pressure  as  an 
index  of  the  systolic  output  of  the  heart  (see  Dawson  and  Gorham, 
1908).  It  is  however  obvious  that  a  pulse  pressure  of  say  50  mm. 
when  the  mean  pressure  is  100  has  not  the  same  significance  as 
the  same  pulse  pressure  when  the  mean  pressure  is  130,  imless  the 
coefficient  of  elasticity  of  the  blood  vessels  remains  constant,  which  is 
probably  not  the  case. 

Variations  of  the  coefficient  of  elasticity  of  the  arteries  outside  the 
body  have  been  carefully  studied  (see  Mac  William,  1904,  whose  obser- 
vations have  been  confirmed  in  great  part  by  Higgins,  1908).  But  we 
have  no  certainty  as  to  the  variations  which  this  coefficient  imdergoes 
in  the  living  animal.  As  an  index  of  the  variations  of  arterial  elasticity 
in  the  hving  animal  one  may  take  the  variations  in  the  rate  of  transmis- 
sion of  the  pulse  wave.  Then  if  the  vessels  behave  in  the  body  as  they 
do  when  outside  it,  one  might  expect  that  at  the  very  least  a  rise  in 
mean  pressure  would  be  accompanied  by  an  increase  in  the  velocity 
of  transmission  of  the  pulse  wave. 

In  1908  the  writer,  assisted  by  Lemuel  W.  Gorham,  determined  the 
rate  of  transmission  of  the  pulse  wave  in  dogs  while  the  blood  pressure 
was  being  raised  and  lowered  by  stimulation  of  the  vagus  and  of  vari- 
ous sensory  nerves  (central  end  of  vagus  and  of  saphenous).  This 
study  showed  that  the  correspondence  between  the  blood  pressure  and 
the  rate  of  transmission  was  by  no  means  close.  For  example  the  crnrve 
of  elasticity  would,  after  rising  steadily  for  a  while,  in  correspondence 
with  the  rise  in  pressure,  suddenly  fall  or  begin  to  oscillate  up  and  down. 
Consequently  if  one  should  determine  the  rate  of  transmission  for  a 
pressure  of  say  60  mm.,  he  might  find  ten  minutes  later  that  this  value 
corresponded  to  an  entirely  different  pressure.  These  experiments  were 
repeated  and  confirmed  in  1916  by  Edwin  G.  Bloor  and  Fred  J.  Hodges, 
working  under  the  direction  of  the  writer. 

The  results  of  those  experiments  were  not  however  accepted  by  us 
because  of  our  lack  of  confidence  in  the  method  of  recording.  This 
was  by  means  of  two  Hurthle  manometers  which  ^ve  curves  upon  which 
it  was  sometimes  impossible  to  identify  the  beginning  of  the  up-strokeof 
the  pulse  wave.  It  was  not  until  the  previous  results  were  again  con- 
firmed by  experiments  in  which  the  segment  capsules  were  employed 
that  publication  seemed  justified.  Such  results  were  obtained  by  the 
writer  assisted  by  Hartwik  M.  Stang  and  Fred  J.  Hodges. 

We  conclude  that  in  so  far  as  the  velocity  of  the  pulse  rate  may  be 
regarded  as  an  index  of  arterial  elasticity,  it  indicates  that  in  the  living 
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animal  the  coeflBcient  of  elasticity '  s  irregularly  variable  and  it  is  further- 
more suggested  that  this  variability  may  be  due  to  changes  of  tonus 
of  the  vascular  walls. 

Does  the  myelin  sheath  function  as  an  electric  insulator  broken  only  at 

the  nodes  ofRanvierf    J.  F.  McClendon. 

Many  hypotheses  have  been  advanced  concerning  the  function  of 
the  myelin  sheath.  The  supposition  that  it  is  an  electric  insulator  is 
not  at  all  new,  but  may  seem  out  of  harmony  with  the  fact  that  the 
nerve  may  be  stimulated  electrically  throughout  its  length.  Through 
repeated  confirmatioiis  of  the  All-or-none  Law  it  has  b^n  shown  that 
not  all  of  the  fibers  in  a  nerve  are  stimulated  by  a  minimal  stimulus, 
which  suggests  the  f>08sibility  that  the  current  enters  and  leaves  the 
nerve  fiber  at  a  node  of  Ranvier  and  that  those  fibers  are  stimulated 
by  a  minimal  stimulus  whose  nodes  are  favorably  placed.  It  is  often 
asserted  by  teachers  of  physiology  that  a  nerve  can  not  be  stimulated 
by  means  of  a  current  passing  at  right  angles  to  the  course  of  the  fibers 
(unless  spreading  alters  the  course  of  the  current),  which  also  suggests 
that  the  current  enters  and  leaves  by  the  nodes,  since  more  nodes  are 
affected  by  a  current  passing  lengthwise  than  by  one  passing  cross- 
wise. In  attempting  to  collect  further  data  on  this  question  the  non- 
medullated  nerves  of  Limulus  were  stimulated  by  minimal  currents, 
and  it  was  foimd  that  electrodes  the  same  distance  apart,  equal  stimu- 
lation was  the  result  of  the  current  passing  crosswise  as  of  the  current 
passing  lengthwise,  which  is  in  harmony  with  the  hypothesis  discussed. 

The  oxygen  pressure  necessary  for  cellular  activity,    Montrose  T.  Bur- 
rows. 

In  an  early  study  the  author  had  noted  that  the  oxygen  necessary 
for  cellular  activity  in  a  tissue  culture  comes  from  the  air  chamber  of 
the  hollow  groimd  slide  in  which  the  culture  is  suspended.  To  reach 
the  cells  it  must  diffuse  from  this  space  into  the  culture  medium  which 
bathes  them.  The  cultures  were  made  by  placing  a  small  fragment  of 
tissue,  1  nun.  in  diameter,  in  a  layer  of  plasma  on  the  surface  of  a  cover 
glass.  The  cover  glass  is  inverted  over  a  hollow  sUde  so  that  the  me- 
dium and  tissue  Imng  in  the  air  chamber.  The  cover  is  sealed  to  the 
sUde  with  vaseline  and  parafl^e  to  prevent  drying. 

In  the  present  study  a  special  type  of  culttire  chamber  has  been  con- 
structed. It  is  so  arranged  to  allow  one  to  pass  into  it  any  gas  or  com- 
bination of  gases.  The  air  chamber  of  this  culture  is  large,  40  to  60 
times  that  of  the  ordinary  culture  in  which  growth  may  continue  ac- 
tively for  several  days.  This  culture  chamber  is  made  from  one  piece 
of  glass  and  it  can  be  sealed  by  fusing.  Tests  to  determine  the  effect  of 
pure  oxygen  and  partial  pressures  of  oxygen  on  the  growth  of  the  cells 
have  been  made.  The  partial  pressures  of  oxygen  were  obtained  by 
diluting  pure  oxygen  with  the  nitrogen  gas.  The  tissues  used  have  been 
fragments  of  heart  muscle  and  skin  of  chick  embryos  and  foetal  chickens. 
The  medium  is  blood  plasma,  prepared  from  the  blood  of  adult  chickens. 
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There  is  a  small  error  in  the  measurements  of  the  partial  pressure  of 
oxygen. 

Including  this  error  the  results  have  been  considered  interesting. 
The  cells  grow  actively  in  piu-e  oxygen.  The  growth  is  not  greater  in 
an  atmosphere  of  piu'e  oxygen  than  in  an  atmosphere  containing  9  or 
10  per  cent  of  oxygen.  A  small  growth  is  s^n  when  the  partial  pres- 
sure of  oxygen  is  as  low  as  6.6  per  cent,  45.6  nmi.  of  mercury. 

The  cause  of  cataract,    W.  E.  Burge. 

In  the  production  of  cataract  there  are  at  least  two  factors,  one,  the 
short  wave  lengths  of  the  spectrum,  the  other,  inorganic  salts  such  as 
those  of  calciimi,  silicon,  etc.  which  are  found  to  be  greatly  increased 
over  the  normal  in  cataractous  lenses.  By  increasing  either  of  these 
factors  separately  far  beyond  what  the  eye  would  ever  be  subjected  to 
an  opacity  of  the  lens  or  cataract  can  be  produced,  e.g.,  cortical  cata- 
ract can  be  produced  by  inmiersing  the  lens  in  a  5  per  cent  solution 
of  calcimn  chloride,  and  nuclear  cataract  by  inmiersing  the  lens  in  a 
15  per  cent  solution  of  potassiiun  chloride.  By  increasing  these  two 
factors  simultaneously  an  opacity  of  the  lens  or  cataract  can  be  pro- 
duced imder  conditions  that  mi^t  easily  prevail  in  the  body,  e.g.,  if 
the  lens  s  exposed  to  the  short  wave  lengths  of  the  spectrum  it  causes 
a  molecular  rearrangement  in  the  protein  so  that  a  very  weak  solu- 
tion of  calciiun  salts  will  precipitate  it  and  hence  produce  an  opacity 
or  cataract.  In  this  respect  the  inorganic  salts  seem  to  act  in  a  man- 
ner comparable  to  that  of  a  developer  in  photography. 

Others  presented  papers,  as  follows: 

The  fate  of  tntravenotisly  injected  dextrose.    J.  J.  R.  Macleod. 

Primary  scrotal  syphilis  of  the  rabbit  and  its  utilization  in  chemotiiera- 
peutic  experiments  (with  lantern  demonstration).  W.  H.  Brown  and 
L.  Pearce. 

The  action  of  some  optic  isomers  on  the  ureter.    D.  I.  Macht. 

The  time  relations  of  the  fundamental  heart  sounds.  Carl  J.  Wiggers 
and  A.  Dean,  Jr. 

A  comparison  of  the  effects  of  food  and  of  caffeine  on  work  in  the  athlete 
and  an  untrained  subject.    C.  B.  Root  and  H.  Curl. 

On  the  toxemia  of  intestinal  obstruction.  L.  R.  Dragstedt,  W.  Buret 
and  A.  J.  Carlson. 

The  mechanism  of  the  regulation  of  the  intra-abdominal  pressure.  Helen 
C.  Coombs. 

Some  considerations  of  the  isolated  bone  marrow.  Cecil  K.  Drinker, 
Henry  A.  Kreutzman  and  John  R.  Paul. 

Labyrinthine  reactions  in  kittens  (with  demonstration).    A.  L.  Prince. 
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Some  observations  on  the  conditions  of  activity  in  the  adrenal  glands.     W. 
B.  Cannon  and  H.  F.  Pierce. 

Endermic  reactions,    J.  D.  Pilcher  and  T.  Sollman. 

The  active  constituent  of  the  thyroid;  its  isolationy  chemical  properties  and 
physiological  activity.    E.  C.  Kendall. 

The  effects  of  temperature  change  on  rhythm  in  the  human  electromyogram. 
Alexander  Forbes  and  W.  C.  Rapleye. 

The  so-called  experimental  streptococcic  poliomyelitis  (with  lantern  dem- 
onstration).   C.  G.  Bull  (by  invitation). 

The  attenuation  of  the  toxic  action  of  KSCN  by  elevated  temperature. 
R.  A.  Spaeth. 

Bacteriologic  observations  in  experimental  poliomyelitis  of  monkeys.     Ed- 
ward C.  RosENOw  and  Edward  B.  Towne. 

Papers  read  by  title,  as  follows: 

The  inorganic  composition  of  thoracic  duct  lymph.     A.  B.  Macallum. 

Preliminary  report  of  cardiogram  and  blood  pressure  records,  showing  the 
effect  of  mxmc.    Ida  Henrietta  Hyde. 

The  hydrolytic  products  of  chitin.    S.  Morgulis. 

Demonstrations  as  follows: 

A  signal  magnet  which  writes  either  upwards  or  downwards.     Worth 

Hale. 

In  this  magnet,  which  is  useful  in  recording  time  intervals,  etc.,  use 
is  made  of  a  double  magnet  and  double  armatures.  One  of  these  arma- 
tures is  extended  as  a  writing  point,  the  other  serves  as  an  arrest  for 
the  recoil  produced  by  the  spring  when  the  current  is  not  acting.  The 
armature  which  thus  serves  as  an  arrest  is  held  stationary  by  its  spring 
against  a  fixed  block.  When  the  electrical  current  passes  to  one  mag- 
net the  writing  armature  moves  in  one  direction,  and  when  to  the  other 
magnet  it  moves  in  the  opposite  direction. 

An  improved  lever  for  frog^s  heart  and  muscle  strips.     A.  H.  Ryan. 

The  essentially  new  feature  in  this  lever  is  the  use  of  needle  points 
as  bearings.  By  this  method  greater  sensitivity  is  obtained  and  at  the 
same  time  lost  motion  is  eliminated. 

A  saddle  is  made  which  carries  a  straw.  On  one  side  of  the  under 
surface  of  the  saddle  is  a  conical  depression,  and  on  the  other  side  is  a 
wedge  shaped  slit  running  at  right  angles  to  the  axis  of  the  straw. 
The  conical  depression  and  slit  each  rests  upon  a  needle.  These  needles 
are  mounted  in  a  support  which  has  attachments  for  two  adjustments 
by  which  the  lever  may  be  made  to  write  parallel  to  the  recording 
surface;  and  by  which  the  lever  may  be  made  to  write  with  more  or 
less  pressure  upon  the  recording  surface.    The  lever  may  be  used  for 
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frog's  heart  tracings  or  isolated  strips.  The  detachable  arm  which 
supports  the  strips  is  hollow  to  permit  of  passing  gases  or  Uquids  into 
the  mediimi  surroimding  the  strip. 

A  crude  form  which  could  quickly  be  carved  out  of  cork  was  also 
demonstrated. 

The  inhibitory  effect  of  stimvlaiion  of  the  central  end  of  the  vagus  nerve 

upon  the  contractions  of  an  active  respiratory  muscle  in  the  chicken,     A. 

L.  Meyer, 

The  innermost  abdominal  muscle  in  the  fowl  when  properly  exposed 
is  observed  to  contract  during  each  expiration.  It  undergoes  a  sud- 
den relaxation  just  prior  to  the  onset  of  inspiration. 

The  central  end  of  the  vagus  was  stimulated  with  an  induced  cur- 
rent. The  muscle  remained  quiescent  in  a  state  of  relaxation,  while 
the  thorax  assmned  an  inspiratory  position.  This  result  was  obtained 
many  times  and  without  fail  during  the  demonstration.  The  phenom- 
enon here  presented  is  another  instance  of  "contrary  innervation'' 
(Meltzer)  or  ''reciprocal  innervation"  (Sherrington).  This  method,  it 
seems,  may  be  useful  in  demonstrating  the  subject  of  contrary  innerva- 
tion to  students. 

A  gas  analysis  apparatus,    Yandell  Henderson. 

A  simple,  easily  operated  and  comparatively  cheap  analyzer  was 
shown,  and  the  methods  of  determining  the  composition  of  the  alveolar 
air,  the  respiratory  metabolism  and  the  blood  gases  CO2,  oxygen  and 
^'oxygen  deficit"  were  demonstrated.  Whil^  the  apparatus  is  de- 
signed primarily  for  students  in  a  laboratory  coxu^e  it  is  foimd  to  be 
siifficiently  accurate  for  most  purposes  of  research. 

The  motion  picture  as  an  aid  in  teaching  physiology.    J.  A.  E.  Eyster 

and  Walter  J.  Meek. 

Motion  picture  films  were  exhibited  showing  certain  typical  physi- 
ological experiments.  It  is  believed  that  these  are  of  value  as  an  aid 
to  physiological  teaching  in  the  following  instances.  (1)  As  a  supple- 
ment to  certain  demonstrations.  There  are  certain  important  aspects 
of  many  demonstrations  which  are  difficult  to  exhibit  to  a  group  or 
class  by  the  ordinary  methods.  (2)  To  serve  for  demonstration  of 
certain  experiments  which  (a)  are  too  long  to  be*  carried  out  in  the 
classroom  during  the  regular  class  period,  (b)  in  which  the  typical 
results  are  obtained  only  at  certain  times  under  certain  conditions,  or 
(c)  which  are  too  time  consuming  or  too  expensive  to  involve  repeti- 
tion before  each  class.  (3)  To  assist  in  the  analysis  of  certain  rapid 
movements.  One  of  the  films  shown  was  that  of  the  exposed  beating 
mammalian  heart,  taken  •at  a  rate  of  exposure  of  80  per  second  and 
projected  at  the  normal  rate  of  16  per  second.  (4)  For  demonstra- 
tions before  elementary  classes  where  the  more  complex  demonstra- 
tions involve  too  much  time  or  expense. 

It  is  not  believed  that  this  method  will  do  more  than  supplement 
already  existing  methods  of  teaching  physiological  science. 
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Motor  phenomena  of  the  stomachy  pylorus  and  cap  observed  RoerUgeno- 

graphically.    Lewis  Gregory  Cole. 

Each  portion  of  the  gastro-intestinal  tract  has  a  characteristic  Roent- 
genological appearance:  The  ileum  by  its  coils,  the  jejunum  by  its  floo- 
culent  appearance,  the  duodenum  by  its  circular  rings  or  its  shape,  the 
stomach  by  its  characteristic  shape. 

That  portion  of  the  tract  just  beyond  the  pyloric  sphincter,  previ- 
ously known  as  the  first  or  ascending  duodenum,  has  the  characteristics 
of  the  stomach  rather  than  the  duodenum.  Embryologically,  together 
with  the  stomach,  it  is  derived  from  the  foregut.  Histologically  it 
contains  the  glands  of  Brunner.  Ferments  from  the  glands  of  Brun- 
ner  are  active  only  in  an  acid  medium;  therefore  this  region  is  rationally 
acid.  Surgically  95  per  cent  of  ulcers  occur  in  this  region.  Roent- 
genologicaUy  its  contour  corresponds  with  the  pyloric  end  of  the  stom- 
ach, and  the  manner  in  which  it  siirmoimts  the  pyloric  end  of  the 
stomach  resembles  a  cap;  therefore  the  term  "cap  of  the  stomach'*  or 
"pilleus  ventricuU"  has  been  applied  to  this  segment  of  the  gut. 

The  cap  is  separated  from  the  pyloric  end  of  the  stomach  by  a  clear 
cut  space  of  about  ^  of  an  inch;  this  indicates  the  pyloric  valve,  a^d 
the  size  of  the  lumen  of  the  valve  can  be  determined. 

A  meal  composed  of  mixed  foods  and  fluids  beg^  to  be  evacuated 
immediately;  certainly  before  ingestion  of  a  full  meal  is  complete. 

The  gastric  motor  phenomenon  is  complex  rather  than  simple  and  is 
composed  of  the  progression  of  the  peristaltic  waves  pyloruswards  and 
a  sjrstole  and  diastole,  ^nd  it  may  be  considered  in  the  form  of  a  cycle 
similar  to  the  cardiac  cycle.  The  stomach. assumes  a  series  of  shapes 
and  eventually  assximes  the  same  shape  that  it  was  approximately  fif- 
teen or  twenty  seconds  earlier.  This  is  referred  to  as  a  gastric  cyde. 
If  a  peristaltic  sulcus  travels  from  its  origin  to  the  pylorus  during  one 
cycle  it  is  a  one  cycle  type  of  gastric  peristalsis.  K  it  requires  two,  three 
or  four  cycles  for  a  sulcus  to  travel  from  its  origin  to  the  pylorus  this 
is  respectively  referred  to  as  two,  three  or  four  cycle  type  of  peristalsis. 
During  approximately  seven-tenths  of  each  gastric  cycle  all  of  the  peri- 
staltic sulci  synchronously  increase  in  depth;  this  is  gastric  systole. 
During  approximately  three-tenths  of  each  cycle  these  sulci  synchro- 
nously relajc;  this  is  gastric  diastole.  During  the  systole  of  each  gastric 
cycle,  when  the  pressure  against  the  proximal  surface  of  the  pyloric 
valve  is  greatest,  the  pyloric  sphincter  is  partly  opened,  either  actively 
or  passively,  and  the  chyme  is  propelled  into  the  reservoir  cap;  and 
during  the  stage  of  diastole  when  the  gastric  pressure  is  diminished  the 
sphincter  may  be  closed  to  prevent  the  chyme  from  falling  back  into 
the  stomach. 

There  is  no  Roentgenological  evidence  in  man  of  a  periodical  opening 
and  closing  of  the  pyloric  valve  independently  of  each  gastric  cycle,  as 
described  by  Cannon  in  the  American  Journal  of  Physiology,  Volume 
XX,  no.  2.  If  such  a  phenomenon  does  not  exist,  how  can  it  be  add 
controlled? 

The  duodenum  is  replenished  from  the  reservoir  cap  where  the  finish- 
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ing  touch  of  proteid  digestion  is  applied  to  a  small  amount  of  chyme. 
The  cap  is  evacuated  by  a  broad  peristaltic  wave,  independent  of  the 
gastric  peristalsis,  whidfi  forces  the  chyme  through  the  duodenum  in 
"finger-like  masses."  The  frequency  of  this  wave  may  be  controlled 
by  an  alternating  acid  and  alkalm  reaction  in  the  descending  duodeniun. 

Demonstration  of  Nissl  preparations  indicating  an  absence  of  chromor 

tolytic  changes  in  the  central  nervous  system  of  the  tvoodchuck  (Marmota 

monax)  during  hibernation.    A.  T.  Rasmussen. 

The  whole  problem  of  the  correlation  of  structiu*al  changes  in 
nerve  cells  with  d^^rees  of  activity,  having  been  re-opened  by  the  re- 
cently reported  fin(^gs  of  R.  A.  Kocher,  it  is  interring  to  note  the 
apparent  absence  of  demonstrable  changes  in  the  tigroid  bodies  of 
nerve  cells  of  animals  which  have  been  profoimdly  torpid  almost  con- 
tinuously for  months,  diuing  which  time  no  food  or  water  was  avail- 
able. Similar  results  have  been  reported  in  other  animals,  though 
contrary  conditions  are  also  on  record. 

Killing,  fixing  and  embedding  were  carried  out  as  imiformly  as  prac- 
ticable. Homologous  sections  from  an  entire  series  of  animals  were 
placed  together  on  the  same  slide  for  .staining  or  an  entire  series  of 
slides  was  carried  through  the  reagents  in  a  basket  which  would  contain 
the  entire  lot.  Two  series  of  animals,  involving  a  total  of  21  animals, 
9  of  which  were  sacrificed  during  hibernation,  were  investigated. 

Glycogen  in  the  blood  vessels  of*the  liver,    G.  Carl  Huber  and  J.  J.  R. 

Maclbod. 

Several  microscopic  slides  were  shown  of  sections  of  Uver,  removed 
immediately  after  death  by  stimning,  from  tabbits  previously  fed  with 
carrots.  TTie  pieces  of  liver  after  removal  from  the  animal  were  im- 
mediately fixed  in  absolute  alcohol  and  later  embedded  in  paraffin, 
cut  in  sections  of  5  nun.,  and  stained  by  a  somewhat  modified  Best's 
carmine  method.  By  this  means  the  glycogen  is  stained  a  deep  red 
and  the  nuclei  of  the 'cells  can  easily  be  coimterstained. 

Certain  of  the  preparations  were  from  animals  that  were  in  a  per- 
fectly normal  condition  up  to  the  moment  of  stimning.  Others  were 
from  rabbits  in  which,  three  or  fom*  hoturs  previous  to  3ie  stunning,  the 
medulla  had  been  pimctured  with  a  needle  and  the  animal  thus  rendered 
diabetic.  By  comparing  slides  from  the  two  groups  of  animals  it  was 
shown  that  in  normal  rabbits  the  glycogen  is  present  only  in  the  liver 
cells  and  never  in  the  sinusoids  or  sublobiilar  veins,  whereas  in  the  liv- 
ers of  diabetic  rabbits  red-staining  glycogen  masses  are  often  present 
in  the  latter  vessels.  It  is  not  of  course  claimed  that,  because  this 
material  in  the  blood  vessels  stains  exactly  the  same  as  the  glycogen 
of  the  cells,  it  is  necessarily  of  the  same  chemical  nature. 

It  was  jJso  pointed  out  by  the  authors  that  a  very  large  number  of 
preparations  have  been  examined  in  order  to  exclude  the  possibility* 
that  the  appearance  of  the  red-staining  material  in  the  blood  vessels 
could  be  due  to  any  displacement  of  glycogen,  caused  by  the  knife 
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during  the  making  of  the  sections.  Before  affinning  finally  that  the 
migration  of  glycogen  into  the  capillaries  takes  place  only  in  cases  where 
hyperglycogenolysis  is  occurring,  as  for  instance  in  piqiire,  it  will  be 
necessary  to  examine,  by  the  above  methods,  a  greater  number  of  nor- 
mal rabbits. 

Some  new  apparatus,    D.  E.  Jackson. 

Pathiscope  films  used  to  iUv^trate  physiological  demonstrations  to  students. 
Alexander  Forbes. 

Photographs  representing  the  growth  of  chickens  fed  with  definite  mixture 
of  food-stuff s  under  laboratory  conditions  which  have  heretofore  not  led 
to  success,    Thomas  B.  Osborne  and  Lafayette  B.  Mendel. 

A  convenient  form  of  non-polarizable  electrode  for  dass  use,  Theodore 
Hough. 

A  method  of  recording  fundamental  heart  sounds  directly  from  the  heart. 
Carl  J.  Wiggers  and  A.  Dean,  Jr. 

Exhibit  of  photographically  recording  apparatus  for  studying  the  dynamics 
of  the  circulation,    Carl  J.  Wiggers. 
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